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ABSTRACT 

PROGNOSTIC  STRATIFICATION  OF  PATIENTS  WITH 
CYSTIC  FIBROSIS 

BASED  ON  CLINICAL  FEATURES  OF  INITIAL  PRESENTATION 
Jeffrey  Neil  Katz 
1984 

Clinical  studies  of  patients  with  cystic  fibrosis  have  documented 
considerable  variability  both  in  the  constellations  of  s3nnptoms  present 
at  diagnosis  and  in  subsequent  survival  rates.  No  study  to  date  has 
examined  associations  between  clinical  features  apparent  at  presentation 
and  subsequent  outcomes  defined  in  terms  of  morbidity  as  well  as 
mortality.  In  the  present  study  we  have  1)  characterized  clinical 
features  manifest  by  89  patients  upon  enrollment  in  the  Yale  Cystic 
Fibrosis  Clinic;  2)  assessed  with  a  clinical  scoring  system  the  status 
of  each  patient  at  enrollment  and  follow-up  intervals  of  five  and  ten 
years;  and  3)  correlated  clinical  features  at  presentation  with  subse¬ 
quent  clinical  scores.  Our  data  indicate  that  patients  presenting  with 
steatorrhea  and  no  respiratory  symptoms  had  favorable  courses  with  just 
2  of  22  patients  deteriorating  substantially  by  five  years.  Meconium 
ileus  was  associated  with  a  less  favorable  prognosis  and  the  worst 
outcomes  occurred  in  patients  presenting  with  respiratory  disease,  with 
16  of  49  deteriorating  after  five  years.  The  initial  score  and  age  at 
presentation  had  no  bearing  on  subsequent  outcomes.  We  conclude  that 
clinical  features  apparent  at  diagnosis  are  valuable  prognostic  indica¬ 
tors  of  the  extent  of  morbidity  and  mortality  in  patients  with  cystic 


fibrosis. 
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INTRODUCTION 


Cystic  fibrosis  (CF)  is  the  most  prevalent  lethal  genetic  disease  in 
America.  Since  the  initial  descriptions  of  CF  in  the  late  1930 's^  an 
extensive  literature  has  been  published  on  its  genetic,  biochemical, 
pathologic,  and  clinical  features.  Clinical  studies  have  documented  that 
patients  with  CF  initially  present  with  a  variety  of  distinct  constellations 
of  symptoms. 2  Studies  have  also  established  that  the  survival  of  patients 
with  cystic  fibrosis  varies  widely  as  well,  with  some  patients  dying  in 
infancy  and  others  living  into  their  30' s.^  Few  investigators  have  sought 
associations  between  particular  presentations  and  subsequent  survival;  no 
study  has  examined  relationships  between  clinical  features  at  the  time  of 
diagnosis  and  subsequent  outcomes  measured  in  terms  of  morbidity,  not 
mortality.  The  present  study  examines  records  of  patients  enrolled  in  the 
Cystic  Fibrosis  Clinic  at  Yale-New  Haven  Hospital,  with  the  goal  of 
discerning  associations  between  clinical  features  at  presentation  and 
subsequent  patterns  of  morbidity  as  well  as  mortality.  In  this  introductory 
section,  selected  aspects  of  cystic  fibrosis  will  be  discussed  to  provide 
necessary  background  information  for  this  study.  More  complete  introductory 
discussions  of  the  disease  can  be  found  in  pediatric  texts. 

General  Features :  In  the  United  States,  cystic  fibrosis  affects 
approximately  one  in  every  2,000  live  births  among  Caucasians  and  one  in 
17,000  among  Blacks^.  Both  sexes  are  affected  equally.^  Neither  the 
abnormal  genetic  locus  (or  loci)  nor  the  fundamental  biochemical  lesion 
have  been  identified.  Protean  pathologic  changes  have  been  described,  most 
due  to  excessively  tenacious  mucus  secretions  which  block  gland  ducts  and 
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acini. ^  This  process  often  results  in  the  typical  triad  of  chronic 
obstructive  pulmonary  disease  (COPD) ,  exocrine  pancreatic  insufficiency, 
and  elevated  concentrations  of  chloride  in  sweat^.  Dozens  of  other  clinical 
conditions  frequently  accompany  cystic  fibrosis,  including  nasal  polyps, 
sinusitis,  biliary  cirrhosis,  and  aspermia.^ 

Diagnosis  and  Clinical  Heterogeneity:  The  diagnosis  of  cystic  fibrosis 
rests  upon  finding  elevated  sweat  chloride  (greater  than  60  mEq/liter  as 
determined  by  the  pilocarpine  iontophoresis  method  of  Gibson  et  al.)®  with 
evidence  of  one  or  more  of  the  following:  COPD,  exocrine  pancreatic 
insufficiency,  or  a  positive  family  history.^.  However,  it  has  become 
increasingly  clear  that  not  all  patients  with  CF  present  as  prototypically 
wasted  children  with  steatorrhea,  chronic  cough,  and  recurrent  pneumonia. 
Several  distinct  clinical  presentations  have  been  recognized.  These  can 
be  found  in  Table  1,  as  the  classification  of  clinical  presentations  in 
cystic  fibrosis  adopted  by  the  European  Working  Group  for  CF  in  1976.^  It 
should  be  noted  that  rare  patients  are  diagnosed  on  the  basis  of  symptoms 
which  are  neither  gastrointestinal  nor  respiratory,  such  as  heat  prostration 
with  hyponatremia  and  hypochloremia ,  pansinusitis  and  aspermia.^ 

The  presentation  of  cystic  fibrosis  is  heterogeneous  with  respect  to 
age  as  well  as  s)nnptoms .  Data  from  the  Cystic  Fibrosis  Foundation  Patient 
Registry  reveal  that  among  the  901  new  diagnoses  reported  to  the  Foundation 
in  1979  ,  57%  of  patients  were  diagnosed  by  one  year  of  age,  33%  between  one 
and  10  years,  6.5%  between  10  and  20,  and  3.5%  after  20  years  of  age.^ 
Interestingly,  comparison  with  analogous  data  from  1969  indicates 
substantial  changes.  Among  patients  diagnosed  and  reported  in  1969,  only 
47%  of  patients  were  diagnosed  by  one  year  of  age,  40.7%  between  one  and 
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TABLE  1 


Glassification  according  to  symptoms  present  at  the 
time  of  diagnosis  (adopted  by  the  European  Working 
Grnup  for  Cystic  Fibrosis) 


I .  Patients  who  came  to  diagnosis  because  of  a  positive  family 
history.  These  comprised  patients  diagnosed  at  birth  and 
those  diagnosed  later  in  life  because  of  an  affected  sibling 

II.  Predominantly  gastrointestinal  symptoms  such  as  steatorrhea, 
rectal  prolapse,  abdominal  pain,  failure  to  thrive, 
avitaminosis.  No  clinical  evidence  of  lung  disease. 

III.  Gastrointestinal  and  pulmonary  symptoms. 

r/ .  Patients  with  predominantly  pulmonary  symptoms,  including 

chronic  cough,  bronchitis,  pneumonia,  radiologic  evidence  of 
lung  involvement . 

V.  Meconium  il^jat  biifh  requiring  surgical  treatment. 
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10  years,  10.9%  between  10  and  20  years,  and  1.4%  after  20  years  of  age .  ^ 
Thus,  over  the  nine  year  period  increases  were  observed  both  in  the 
proportion  of  patients  diagnosed  early  in  infancy  and  in  the  number  diagnosed 
in  adulthood. 

Several  hypotheses  can  be  offered  to  explain  these  changes.  It  is 
possible,  for  example,  that  the  biological  behavior  of  the  disease  could 
have  changed  over  nine  years.  A  more  plausible  explanation,  accepted  by 
most  investigators,  is  that  physicians  have  developed  a  heightened  suspicion 
of  cystic  fibrosis.  This  would  likely  result  in  earlier  recognition  and 
diagnosis  of  active  disease  in  infancy  and  more  frequent  recognition  of 
adult  cases  that  might  have  been  missed  by  clinicians  in  earlier  secular 
periods.  It  is  important  to  note  that  patients  diagnosed  in  adulthood  enjoy 
a  relatively  good  prognosis.  Some  investigators  have  suggested  that  these 
patients  have  a  distinct  mild  variant  of  the  disease,  although  this  claim 
cannot  be  evaluated  definitively  by  biochemical  markers  of  severity  or 
comparisons  of  genetic  loci.^  One  could  also  argue  that  increased  suspicion 
of  cystic  fibrosis  has  shed  light  upon  a  wider  spectrum  of  disease  than 
previously  appreciated. 

Treatment :  Curative  therapy  does  not  exist  for  cystic  fibrosis. 
Treatment  is  aimed  toward  preventing  or  eradicating  specific  disease 
symptoms  and  complications.  In  particular,  clinicians  attempt  to  maintain 
adequate  nutritional  status  and  to  prevent  the  progression  of  pulmonary 
disease. Complications  such  as  rectal  prolapse,  biliary  cirrhosis, 
diabetes  mellitus,  cor  pulmonale,  and  pneumothorax  are  managed  as  they  would 
be  for  other  patients. 
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Treatment  of  gastrointestinal  disease  is  relatively  straightforward 
and  has  changed  little  over  the  last  three  decades.  The  cornerstones  of 
therapy  include  dietary  management ,  pancreatic  en2)rme  supplementation,  and 
vitamin  supplementation. While  enzyme  preparations  have  been  made  more 
convenient,  studies  have  not  found  newer  enzyme  preparations  to  be 
substantially  more  effective  than  their  predecessors.^^ 

The  treatment  of  respiratory  disease  is  considerably  more  complex  and 
controversial.  Principal  techniques  include  physical  measures,  aerosol 
therapy,  and  anti-microbial  therapy.  Most  physicians  strongly  advocate 
chest  physiotherapy,  specifically  percussion,  postural  drainage,  and 
cough. 2  However,  there  has  been  little  objective  documentation  of  efficacy 
for  these  procedures.^  Aerosol  therapy  rests  on  the  assumption  that 
hydration  of  tracheobronchial  secretions  will  improve  their  rate  of 
clearance  f^oni  the  lung  and  that  administration  of  drugs  by  aerosol  improves 
delivery  to  the  tracheobronchial  mucosa. ^  Continuous  mist  tent  therapy  has 
been  regarded  with  varying  degrees  of  enthusiasm  since  its  introduction  in 
the  1940's.^2  Its  efficacy  remains  debatable,  as  studies  of  pulmonary 
function  after  nightly  mist  therapy  have  yielded  conflicting  results . 
Intermittent  aerosol  therapy  —  intended  to  deliver  antibiotics, 
bronchodilators ,  and  mucolytics  —  has  been  used  widely  for  over  three 
decades.  Again,  controlled  studies  examining  the  efficacy  of  this  treatment 
simply  do  not  exist.^ 

The  last  two  paragraphs  indicate  that  no  major  advances  have  occurred 
in  the  treatment  of  gastrointestinal  disease  or  in  chest  physio-  or  aerosol 
therapy.  In  sharp  contrast,  antibiotic  therapy  has  advanced  dramatically 
over  the  last  four  decades.  In  cystic  fibrosis,  antibiotic  therapy  is 
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’'•tended  to  control  S.  aureus,  a  frequent  pathogen  in  infants  and  young 
children  with  CF ,  and  P.  aeruginosa,  the  highly  virulent  organism  usually 
emerging  as  the  predominant  pathogen  in  bronchial  secretions  later  in  the 
course  of  disease. 

It  is  useful  to  distinguish  four  historical  periods  in  the  antimicrobial 
therapy  of  respiratory  disease  in  cystic  f ibrosis . The  first  might 
be  termed  "pre-antibiotic"  and  ended  with  the  introduction  of  penicillin 
in  the  early  1940's.  The  second  era,  lasting  until  1948,  was  characterized 
by  reasonable  staphylococcal  coverage  with  sulfa  drugs  and  penicillin,  but 
deficient  treatment  of  pseudomonas.  Tetracyclines  ushered  in  the  third 
era,  during  which  many  agents  were  developed  providing  good  coverage  of 
staph  and  moderate  activity  against  pseudomonas.  Finally,  the  introduction 
of  gentamycin  and  semisynthetic  penicillins  in  1968  allowed  much  more 
effective  treatment  of  pseudomonas  for  the  first  time.  Recognition  of  these 
distinct  treatment  eras  is  critical  to  the  design  and  interpretation  of 
clinical  studies  because  the  secular  period  of  diagnosis  and  treatment  might 
be  expected  to  affect  outcome.  This  concept  will  be  re-emphasized  later 
in  this  study. 

Prognosis :  Associations  between  distinct  prognoses  and  such  factors 
as  sex,  race,  and  presenting  symptoms  will  be  discussed  in  detail  in  the 
literature  review.  The  present  section  will  simply  capsulize  recent  data 
on  the  range  of  prognoses  in  patients  with  cystic  fibrosis  and  will  highlight 
changes  in  these  figures  over  the  last  decade. 

Survival  data  from  the  Cystic  Fibrosis  Foundation  reveal  the  following 
findings:^  In  1978,  10%  of  patients  under  care  were  older  than  20  years 
of  age.  Cross-sectional  life  table  analysis  of  the  1978  data  indicate  that 
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the  median  age  of  survival  was  21*  Corresponding  data  from  1969  reveal 
that  10%  of  the  patients  under  care  were  more  than  16  years  old  and  the 
median  age  of  survival  by  cross-sectional  life  table  analysis  was  14.3. 
These  results  point  toward  two  findings  which  have  been  corroborated  by 
others  as  well.^^j^^  First,  the  prognosis  for  patients  with  cystic  fibrosis 
is  quite  variable,  with  some  patients  dying  in  infancy,  others  surviving 
into  their  30 ' s .  Second,  the  median  age  of  survival  has  improved 
substantially  over  the  last  decade.  Data  do  not  exist  to  allow  a 
determination  of  whether  morbidity  patterns  over  the  past  decade  have 
paralleled  those  noted  for  mortality. 

Investigators  have  posited  several  explanations  for  the  improvement 
in  survival  of  patients  with  cystic  fibrosis.  First,  the  advances  in 
antimicrobial  therapy  described  above  could  account  for  better  outcomes. ^ 
Also,  the  increasing  number  of  patients  diagnosed  in  adult  years  could  have 
a  distinct  milder  variant  of  the  disease  associated  with  a  longer  median 
survival  age.  The  diagnosis  of  children  at  increasingly  younger  ages  has 
allowed  earlier  treatment;  some  have  claimed  that  earlier  treatment  leads 
to  better  prognosis.  *  While  each  of  these  arguments  can  be  defended 
on  intuitive  grounds,  they  must  be  regarded  as  speculative  as  data  do  not 
exist  to  adequately  evaluate  the  contribution  of  each  of  these  factors  to 
improvements  in  prognosis. 

Goals  and  Aims  of  the  Study:  It  is  clear  from  the  preceding  sections 
that  patients  with  cystic  fibrosis  vary  considerably  in  the  particular 
symptoms  manifest  at  the  time  of  diagnosis.  It  is  also  apparent  that  the 
range  of  clinical  outcomes  varies  widely  among  these  patients  as  well.  The 
overall  goal  of  the  present  study  is  to  determine  whether  particular 
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constellations  of  symptoms  manifest  at  the  time  of  diagnosis  are  associated 
with  distinct  clinical  outcomes. 

The  recognition  of  prognostically  distinct  subgroups  of  patients  has 
important  implications  for  clinical  research  and  clinical  practice.  From 
a  research  standpoint,  demographic  studies  and  clinical  trials  of 
therapeutic  interventions  could  be  much  improved  by  stratification  of 
patients  at  the  time  of  diagnosis  into  groups  with  distinct  prognoses. 
Specific  treatments  may  prove  effective  only  in  certain  subgroups  of  patients 
and  ineffective  in  others.  Such  subtle  but  crucial  distinctions  cannot  be 
made  presently.  For  the  clinician,  the  ability  to  predict  the  approximate 
course  of  disease  based  on  presenting  symptoms  would  provide  several 
advantages.  First,  clinicians  could  more  meaningfully  counsel  patients  and 
families  as  to  the  expected  course  of  disease.  Also,  clinicians  could  more 
appropriately  gauge  the  aggressiveness  of  their  treatment  and  particular 
choices  of  intervention. 

In  order  to  achieve  the  overall  goal  outlined  above,  the  data  collection 
and  analysis  in  this  study  have  been  guided  by  five  specific  aims:  (1) 
characterization  of  the  basic  demographic  features  of  the  patients  followed 
at  the  Yale-New  Haven  Cystic  Fibrosis  Clinic;  (2)  characterization  of  the 
baseline  clinical  status  of  each  patient  at  the  time  of  enrollment  into  the 
clinic,  including  historical  data,  symptoms,  and  signs.  It  is  important 
to  realize  that  except  for  the  rare  patient  diagnosed  after  seven  years  of 
age,  patients  with  cystic  fibrosis  are  too  young  at  the  time  of  presentation 
to  perform  pulmonary  function  tests.  Hence,  baseline  clinical 
characteristics  cannot  include  PFT's,  which  have  become  the  parameters  of 
choice  for  following  the  progress  of  older  patients;  (3)  numerical  assessment 
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of  the  clinical  status  of  each  patient  at  enrollment  and  at  follow-up 
intervals;  (4)  correlation  of  particular  clinical  features  present  upon 
enrollment  with  subsequent  numerical  assessment  of  outcome  at  five  and  ten 
year  follow-up;  and  (5)  correlation  of  clinical  features  of  presentation 
with  changes  in  outcome  scores  over  five  and  ten  year  intervals.  The  methods 
used  to  conduct  this  study  are  described  in  the  following  section. 
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METHODS 


I.  Clinical  Setting 

The  Yale-New  Haven  Cystic  Fibrosis  Center  was  established  decades  ago. 
However,  detailed  files  of  clinic  notes  have  only  been  maintained  since 
1966  and  the  present  clinic  director  has  worked  in  the  clinic  since  1970. 
Funding  is  received  primarily  (60%)  from  Yale  University  with  additional 
upp_rt  ^rom  state  allocation  and  a  Cystic  Fibrosis  Foundation  Grant. 
The  clinic  personnel  include  the  director  —  a  professor  of  pediatrics  at 
Yale  University  with  clinical  and  basic  science  research  interests  in  cystic 
fibrosis;  an  associate  physician  director;  a  clinic  laboratory  technician 
(for  sweat  tests  and  pulmonary  function  tests);  a  social  worker  from  the 
Department  of  Pediatrics;  and  a  clinic  secretary.  In  addition,  Yale-New 
Haven  Hospital  pediatric  housestaff  and  Yale  medical  students  have  the 
opportunity  to  rotate  through  the  clinic. 

Clinic  is  held  twice  weekly  in  the  pediatric  specialty  clinics  area 
of  the  hospital.  All  patients  are  urged  to  schedule  at  least  four  visits 
per  year.  Sicker  patients  are  scheduled  more  often.  While  most  younger 
patients  and  their  families  are  quite  compliant,  young  adults  attend  clinic 
less  frequently,  often  yearly.  At  each  clinic  visit,  patients  are 
typically  first  seen  by  a  nurse  who  obtains  and  records  vital  signs  and 
anthropometric  measurements.  In  addition,  sputum  cultures,  chest  x-rays, 
and  pulmonary  function  tests  are  obtained  at  regular  intervals.  Presently, 
chest  films  are  taken  yearly  and  pulmonary  function  tests  (for  patients 
over  seven  years  of  age)  are  performed  twice  a  year.  Throat  cultures  are 
taken  at  each  visit.  These  guidelines  vary  considerably  with  the  severity 
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of  the  patient's  illness.  After  routine  testing,  the  patients  are  seen 
first  by  medical  students  and/or  residents  and  then  by  the  attending 
physician.  Except  for  rare  occasions,  the  clinic  director  sees  every 
patient.  Pertinent  historical  and  physical  findings  are  recorded  (usually 
by  the  resident  or  student)  on  a  prepared  form.  Hence,  there  is  uniformity 
in  the  scope  and  quality  of  data  obtained  at  each  visit. 

For  each  visit  the  clinic  director  dictates  a  note  which  includes 
pertinent  historical,  physical,  and  laboratory  findings  and  changes  in 
therapy.  The  note  is  based  both  on  the  director's  assessment  and  the 
information  recorded  by  other  observers.  Notes,  laboratory  result  sheets, 
and  hospital  discharge  summaries  for  each  patient  are  entered  into 
longitudinal  files  located  in  the  director's  office. 

II.  Population  Studied 

Patients  seen  in  the  Yale  Cystic  Fibrosis  Clinic  live  throughout 
Connecticut,  mostly  in  the  southern  part  of  the  state.  The  patients 
represent  a  wide  range  of  socioeconomic  backgrounds.  Patients  are  referred 
to  the  clinic  through  a  variety  of  mechanisms:  Often,  a  local  practitioner 
who  strongly  suspects  the  diagnosis  of  cystic  fibrosis  sends  the  patient 
to  Yale  for  definitive  sweat  testing  and  longitudinal  care.  Many  patients 
have  had  positive  sweat  tests  in  work-ups  at  outlying  hospitals  and  are 
subsequently  referred  for  follow-up  in  the  Yale  clinic.  Other  patients  are 
referred  to  Yale  specialists  for  work-up  of  problems  not  initially  felt  to 
be  cystic  fibrosis.  The  Yale  clinician  might  then  order  a  sweat  test  or  do 
so  after  consulting  with  the  cystic  fibrosis  clinic  team.  Other  referrals 
from  within  the  institution  include  patients  sweat  tested  during  in-patient 
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work-ups,  and  patients  referred  from  the  Primary  Care  Center  and  the  Neonatal 
Intensive  Care  Unit  with  presumptive  diagnoses  of  cystic  fibrosis. 

Three  groups  of  patients  with  cystic  fibrosis  are  not  routinely  referred 
to  the  Yale  clinic.  One  is  comprised  of  three  patients  who  were  either 
newly  diagnosed  or  referred  to  the  medical  center  in  their  adult  years. 
These  patients  are  followed  by  the  Pulmonary  Service  of  the  Department  of 
Medicine  in  Yale's  Winchester  Chest  Clinic.  Another  group  not  seen  in  the 
cystic  fibrosis  clinic  is  comprised  of  patients  managed  by  their  local 
pediatricians.  The  number  of  these  patients  is  difficult  to  determine,  but 
is  estimated  at  less  than  3%  of  patients  with  the  diagnosis  of  cystic 
fibrosis  who  live  in  areas  served  by  the  Yale  clinic. The  third  group 
includes  patients  who  die  before  they  are  able  to  enroll.  These  patients 
all  have  meconium  ileus  at  birth  and  die  within  a  few  days.  They  comprise 
25%  of  patients  with  meconium  ileus  at  Yale  and  4-5%  of  all  patients  known 
to  have  cystic  fibrosis. 

III.  Eligibility  Criteria 

Patients  who  enrolled  in  the  Yale-New  Haven  Cystic  Fibrosis  Clinic 
during  the  interval  1966  through  1978  were  eligible  for  the  study.  This 
secular  interval  was  chosen  for  several  reasons.  Exclusion  of  patients 
enrolled  before  1966  assured  that  the  course  of  each  patient  could  be 
followed  in  the  longitudinal  record  system  which  was  established  in  1966. 
In  addition,  the  antipseudomonal  antibiotics  developed  after  1968  were 
available  to  each  patient.  (Note  that  although  eight  patients  were  enrolled 
in  1966-1967,  pseudomonas  colonization  usually  does  not  occur  until  after 
age  five.)2^  Exclusion  of  patients  enrolled  after  1978  assured  that  all 
patients  were  followed  for  at  least  five  years  or  until  their  deaths. 
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Finally,  patients  who  were  followed  in  another  clinic  before  enrollment  in 
the  Yale  clinic  were  excluded  from  the  study.  This  criteria  assured  that 
all  data  were  obtained  and  recorded  in  the  Yale  clinic, 

IV.  Diagnostic  Criteria 

Criteria  for  the  diagnosis  of  cystic  fibrosis  include  sweat  chloride 
levels  greater  than  60mg  (by  the  pilocarpine  iontophoresis  method  of  Gibson 
et  al.)®  and  at  least  one  of  the  following:  a)  chronic  obstructive  pulmonary 
disease;  b)  exocrine  pancreatic  insufficiency;  or  c)  positive  family 
history.  These  diagnostic  criteria  have  been  employed  at  Yale  throughout 
the  time  of  this  study  and  are  widely  accepted  in  the  pediatric  literature. ^ 

V.  Patients  Who  Left  the  Clinic 

Eight  patients  who  were  eligible  for  the  study  left  the  Yale  clinic 
subsequent  to  enrollment.  In  each  case,  the  patients  departed  because  their 
families  moved  out  of  the  area.  In  all  but  one  of  these  patients,  adequate 
assessment  of  clinical  status  at  appropriate  follow-up  intervals  was 
obtained  by  contacting  physicians  at  the  clinic  to  which  the  patients  were 
transferred. 

VI.  Zero  Time 

The  term  "zero  time"  refers  to  the  reference  point  in  patients  clinical 
courses  at  which  the  baseline  state  is  identified  and  classified,  and  from 
which  subsequent  follow-up  periods  begin.  We  considered  three  possible 
zero  times  in  this  study:  The  time  of  diagnosis  of  cystic  fibrosis;  the 
time  at  which  therapy  was  initiated;  and  the  time  of  enrollment  into  the 
Yale  clinic.  The  quality  of  information  submitted  by  referring  physicians 
who  made  the  diagnosis  of  cystic  fibrosis  was  highly  variable.  Some 
physicians  submitted  detailed  notes  listing  signs  and  symptoms.  Others 
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wrote  just  a  sentence  or  two.  Similarly,  there  was  considerable  variation 
in  therapies  prescribed  by  referring  physicians  prior  to  enrollment.  Hence, 
in  order  to  standardize  both  the  data  base  and  the  medical  interventions 
for  all  patients  in  the  cohort,  the  time  of  enrollment  into  the  clinic  was 
chosen  as  the  zero  time.  This  choice  guarantees  that  all  data  used  in  the 
study  was  obtained  by  the  small  clinic  team  and  that  all  therapy  initiated 
during  the  intervals  studied  was  prescribed  by  the  clinic  team.  We  were 
concerned  initially  that  the  interval  between  diagnosis  and  enrollment  would 
be  considerable;  however,  review  of  the  data  revealed  this  interval  usually 
was  less  than  three  weeks  and  always  less  than  three  months. 

VII.  Sources  of  Data 

Three  sources  of  data  were  utilized:  Notes  maintained  by  the  clinic 
director,  chest  x-rays,  and  hospital  discharge  summaries.  The  clinic  notes 
provided  the  bulk  of  information  on  features  of  the  initial  presentation 
and  on  subsequent  outcomes.  The  content  of  these  longitudinal  notes  was 
discussed  earlier  in  this  chapter.  Chest  x-rays  were  obtained  from  the 
Department  of  Diagnostic  Imaging  at  Yale.  Over  95%  of  the  films  requested 
were  available  for  review.  (The  few  remaining  films  were  scored  by  the 
clinic  director  on  the  basis  of  official  readings  transcribed  by  the 
Department  of  Diagnostic  Imaging.)  Hospital  discharge  summaries  were 
routinely  placed  in  patients'  files  after  discharge. 

VIII.  Data  Gathering 

Data  were  assembled  in  two  separate  steps:  (1)  extraction  of 
information  from  the  files  onto  prepared  extraction  forms;  and  (2)  coding 
of  pertinent  information  for  computer  analysis.  Copies  of  both  the 
extraction  form  and  the  coding  form  have  been  included  as  Appendices  A  and  B. 
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Extraction  was  performed  in  the  Spring  of  1983  on  a  form  designed  to 
record  all  information  pertinent  to  the  basic  goals  of  the  study.  The 
extraction  form  consisted  of  five  section:  (1)  demographic  information 
including  name,  address,  gender,  date  of  birth  and  enrollment,  and  parents' 
occupations;  (2)  pre-existing  conditions  such  as  family  history  of  cystic 
fibrosis  and  co-morbidity;  (3)  a  clinical  itinerary  of  the  principal  illness 
consisting  of  a  chronology  of  signs  and  symptoms  attributable  to  cystic 
fibrosis,  hospitalizations  before  and  after  diagnosis,  signal  events  raising 
the  suspicion  of  the  diagnosis,  and  a  chronological  record  of  birth  weights 
and  percentiles;  (4)  appearance  of  specific  signs  and  symptoms  including  a 
lengthy  check  list  of  findings  derived  from  textbook  descriptions  of  the 
disease.  We  included  a  category  for  "other"  findings  not  on  the  list;  and 
(5)  follow-up  data  including  the  data  of  death  and  loss  to  follow-up. 

Several  specific  items  on  the  coding  form  required  precise  defining 
criteria,  as  follows:  In  section  one,  "premature  birth"  was  restricted  to 
babies  born  more  than  four  weeks  before  the  expected  date  of  confinement. 
In  section  two,  "signal  events"  included  data  which,  in  the  documented 
opinion  of  the  physician  who  made  the  diagnosis,  raised  a  strong  suspicion 
of  the  diagnosis  of  cystic  fibrosis.  In  section  three,  clubbing  was  recorded 
as  "mild"  if  there  was  nailbed  erythema  without  actual  change  in  the  angle 
between  nail  and  nailbed.  "Moderate"  and  "severe"  referred  to  gradations 
in  swelling  with  "severe"  indicating  obliteration  of  the  angle.  "Cor 
pulmonale"  was  a  clinical  diagnosis  made  on  the  basis  of  typical  physical 
findings  but  usually  without  the  confirmation  of  catheterization  data. 
"Meconium  plug  syndrome"  referred  to  abdominal  pain  which  was  accompanied 
by  a  mass  consistent  with  fecal  impaction  in  the  cecum  or  terminal  ileum. 
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"Steatorrhea”  was  defined  by  the  patients'  report  of  bulky,  foul-smelling 
stools  without  measurement  of  fecal  fat.  "Vitamin  deficiency"  was  similarly 
defined  clinically  without  serum  levels.  "Hypoproteinemia"  and  "biliary 
cirrhosis"  were  defined  by  both  characteristic  laboratory  values  as  well 
as  physical  findings.  The  intervals  between  birth  and  the  onset  of  symptoms 
were  gleaned  from  historical  information  offered  by  patients  and  families 
at  the  first  clinic  visit.  The  accuracy  of  this  data  clearly  relies  upon 
the  patients'  and  families'  ability  to  recall  correctly  the  onset  of 
symptoms.  Recall  of  early  s3nnptoms  can,  of  course,  be  biased  by  the  knowledge 
of  this  ultimate  diagnosis. 

Once  extracted,  most  data  was  then  transferred  to  coding  forms  for 
computer  analysis.  Two  types  of  extracted  data  were  not  coded:  The  first 
includes  data  which  were  not  reported  consistently  or  were  reported  in  vague 
terms  for  a  substantial  number  of  patients.  An  example  of  such  "poor 
quality"  data  is  the  date  of  the  initial  suspicion  of  the  diagnosis.  This 
information  turned  out  to  be  available  for  less  than  half  of  the  patients. 
A  second  category  of  data  not  coded  was  information  ultimately  felt  not  to 
be  helpful  in  realizing  the  goals  of  the  study.  Examples  would  include  the 
dates  of  appearance  of  particular  symptoms  for  patients  in  whom  the  symptoms 
occurred  after  zero  time.  Though  potentially  interesting,  this  post-zero 
time  data  was  not  felt  to  be  critical  to  a  study  of  relationships  between 
zero  time  features  and  subsequent  outcomes.  In  addition,  a  few  items  of 
data  which  were  not  initially  extracted  onto  the  prepared  form  were 
ultimately  gleaned  and  coded.  These  included  patients'  height  and  the 
percentile  values  of  height-for-weight  and  height-for-age .  Percentiles 
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were  obtained  from  standard  charts  prepared  by  the  National  Center  for 
Health  Statistics, 

IX.  Assessment  of  Outcomes 
A.  Outcome  Measure 

Outcomes  were  assessed  in  terms  of  morbidity.  While  most  previous 
work  has  examined  survival  only,  it  was  felt  that  analysis  of  morbidity 
might  detect  clinical  changes  which  are  crucial  to  management  decisions  yet 
which  could  not  be  appreciated  by  assessment  of  mortality.  The  Shwachman 
scoring  system  was  used  to  assess  morbidity.  Developed  in  1958  by  Harry 
Shwachman  et  al.l^  this  system  of  clinical  evaluation  assigns  point  ratings 
for  each  of  four  clinical  attributes:  Level  of  general  activity  (e.g., 
school  attendance,  vigor  of  play,  fatigue);  physical  examination  (cough, 
rales,  clubbing);  nutrition  (height  vs.  weight,  stool  appearance,  muscle 
mass);  and  x-ray  findings  (atelctasis,  emphyema,  infiltrates).  For  each 
attribute,  0-25  points  are  awarded,  with  25  being  normal.  The  scores  are 
summed  to  a  composite  figure  from  0-100  which  reflects  overall  clinical 
status.  Occasionally  criticized  as  under-emphasizing  pulmonary  aspects, 
the  Shwachman  system  is  generally  regarded  as  a  reasonably  objective, 
consistent,  and  pragmatic  means  of  assessing  clinical  status  in  cystic 
fibrosis.  The  system  is  summarized  in  Appendix  C. 

The  present  study  employed  a  common  modification  of  the  Shwachman  x- 
ray  scoring  system.  The  Shwachman  system  for  chest  radiographs  does  not 
carefully  prescribe  the  designation  of  point  values  and  has  not  proven  to 
be  reproducible  among  different  observers. ^3  Many  investigators  have 
preferred  to  use  the  Brasfield  scoring  system,  which  has  more  explicitly 
stated  scoring  criteria  and  is  documented  to  be  reproducible.^^  The 
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Brasfield  system  (a  description  of  which  is  included  as  Appendix  D)  assigns 
a  maximum  of  five  points  in  five  categories;  Air  trapping,  linear  densities, 
nodular  cystic  lesions,  large  lesions,  and  overall  assessment. 
Conveniently,  it  is  also  based  on  a  maximum  score  of  25  points  and  can 
simply  be  substituted  into  the  Shwachman  score. 

B.  Frequency  of  Assessment 

The  clinical  status  of  all  patients  entered  into  the  study  was  assessed 
by  modified  Shwachman  scoring  at  the  time  of  enrollment  and  again  after 
five  years  of  follow-up.  In  addition,  the  55  patients  enrolled  before  1974 
were  included  in  an  analysis  of  ten  year  follow-up  as  well.  It  was  felt 
that  these  intervals  would  provide  meaningful  time  frames  for  predicting 
prognoses « 

C.  Clinical  Categories 

Five  categories  of  scores  were  established  based  on  the  advice  of 
several  pediatricians,  including  the  clinic  director:  90-100  (considered 
excellent;  80-89  (good);  70-79  (fair);  50-69  (poor);  and  less  than  50 
(terminal).  The  categories  correspond  both  to  distinct  levels  of  severity 
of  disease  and  to  distinctive  management  strategies.  Patients  with 
"excellent"  scores  were  barely  distinguishable  from  individuals  without 
cystic  fibrosis  and  required  only  routine  check-ups.  Patients  in  the  "good" 
category  suffered  minor  impairments  and  demanded  occasional  therapeutic 
intervention  for  acute  exacerbations.  "Fair"  patients  also  had  only  minor 
compromise,  but  required  more  careful  observation,  occasional 
hospitalization,  and  more  frequent  therapeutic  intervention.  Patients  in 
the  "poor"  category  suffered  significant  morbidity,  required 
hospitalization  as  often  as  bi-annually,  and  were  seen  in  clinic  every  few 
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weeks.  "Terminal"  patients  frequently  used  home  oxygen  therapy,  contacted 
the  clinic  regularly  because  of  acute  exacerbations,  were  admitted  several 
times  each  year  to  the  hospital,  and  were  in  imminent  danger  of  dying. 

D.  Changes  in  Clinical  Category 

Several  clinicians  including  the  clinic  director  advised  us  that  in 
addition  to  the  single  state  measurements  of  clinical  status  provided  by 
the  Shwachman  score  and  clinical  category,  it  would  also  be  valuable  to 
assess  clinically  meaningful  transitions  in  clinical  states.  In  particular, 
it  would  be  important  to  appreciate  transitions  which  required  changes  in 
clinical  management.  We  accounted  for  such  transitions  by  describing 
patients*  courses  as  "stable"  if  the  patients  either  remained  in  the  same 
clinical  category  or  improved  over  the  interval  studied,  and  "deteriorating" 
if  the  patients  slipped  into  a  lower  clinical  category.  Because  the  clinical 
categories  are  distinguished  by  unique  management  strategies,  the  changes 
in  category  by  definition  required  changes  in  management.  Thus,  changes 
in  category  are  of  central  concern  to  clinicians.  Assessments  of  change 
in  clinical  category  were  determined  by  comparing  five  year  to  zero  time 
clinical  categories  for  all  89  patients,  and  ten  year  to  zero  time  categories 
for  the  55  patients  followed  for  ten  years. 

E.  Process  of  E  aluating  Outcomes 

The  clinic  director  assigned  Shwachman  scores  based  upon  data  contained 
in  the  clinic  notes.  The  director  was  blind  to  the  goals  of  the  study. 
The  clinic  director  also  scored  the  chest  x-rays.  It  was  felt  that  the 
most  accurate  and  consistent  scoring  could  be  obtained  from  a  single  observer 
who  was  both  blind  to  the  goals  of  the  study  and  familiar  with  the  patients 
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F.  Statistical  Techniques 

Univariate  contingency  tables  were  used  to  identify  features  of  the 
initial  presentation  which  corresponded  with  distinct  outcomes.  The 
relative  importance  and  interactions  of  the  characteristics  identified  in 
the  univariate  analysis  were  then  assessed  in  a  multivariate  analysis. 
Analysis  was  performed  using  the  SAS  program  at  the  Yale  Computer  Center. 
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LITERATURE  REVIEW 


I.  Introduction 

This  section  will  review  the  few  published  studies  of  patients  with 
cystic  fibrosis  which  address  the  fundamental  goal  of  the  present  study: 
The  search  for  relationships  between  clearly  defined  clinical  features 
present  at  the  time  of  diagnosis  and  subsequent  clinical  outcomes.  Features 
examined  by  the  authors  whose  works  are  reviewed  include  demographic  data 
such  as  gender,  race,  age,  and  the  secular  period  of  diagnosis;  objective 
measures  of  the  extent  of  disease,  such  as  chest  x-ray  and  fecal  fat  content; 
and  clinical  symptoms ,  expressed  as  the  presence  or  absence  of  particular 
organ  system  involvement.  The  outcome  parameters  in  most  of  the  studies  to 
be  reviewed  consist  of  survival  data.  Only  a  few  authors  have  assessed 
morbidity  as  well  as  mortality. 

This  review  is  intended  to  aid  in  the  design  of  the  present  study  in 
two  ways.  First,  it  is  important  to  evaluate  previously  documented 
relationships  between  presenting  features  and  subsequent  outcomes.  These 
findings,  if  validly  reached  and  corroborated,  can  be  incorporated  into 
model  hypotheses.  Second,  it  is  useful  to  appreciate  methodologic  problems 
that  have  plagued  previous  studies.  Once  recognized,  the  pitfalls  can  more 
easily  be  avoided.  In  accordance  with  these  two  goals,  the  criticism  shall 
be  directed  toward  assessing  the  validity  of  findings  which  might  guide  the 
design  of  the  present  study  and  toward  identifying  methodologic  problems 
that  can  then  be  minimized. 

This  literature  review  will  include  papers  on  each  of  the  demographic 
and  clinical  features  of  presentation  which  investigators  have  related  to 
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subsequent  outcomes.  For  the  few  areas  in  which  more  than  one  paper  has 
been  written,  just  one  will  be  discussed  in  detail  and  discrepant  findings 
of  other  works  (if  such  exist)  will  be  mentioned.  Tables  I  and  II  summarize 
principal  design  features  and  findings  of  the  studies  reviewed.  Note  that 
five  and  ten  year  outcomes  have  been  inferred  from  the  data  whenever 
possible.  This  information  will  be  useful  in  comparing  results  of  the 
present  study  in  which  outcomes  are  assessed  at  five  and  ten  year  intervals, 

II.  Influence  of  Demographic  Factors  on  Prognosis 
A,  Gender 

Several  investigators^ have  analyzed  the  role  of  gender  in 
predicting  prognosis.  The  results  of  each  study  are  consistent  with  those 
of  Stern  et  al.^^  whose  work  shall  be  reviewed  critically.  The  Stern  group 
reported  in  1976  on  95  patients  who  had  been  followed  at  the  Case  Western 
Clinic  since  their  diagnoses  in  1957-1961.  Seven  patients  initially  included 
in  the  cohort  were  lost  to  follow-up  and  consequently  excluded  from  the 
analysis.  Follow-up  ranged  from  13-17  years.  The  authors  did  not  specify 
precisely  how  many  patients  of  each  sex  were  entered  into  the  trial,  nor 
did  they  comment  upon  the  symptoms  present  or  the  age  of  each  gender  group 
at  the  time  of  diagnosis.  Twenty-eight  patients  died,  16  of  them  females. 
Life  table  analysis  of  survival  was  performed  through  17  years  of  follow¬ 
up.  The  authors  generated  curves  plotting  percentage  survival  vs.  the 
number  of  years  after  diagnosis.  These  curves  reveal  that  at  five  and  ten 
years,  the  percentage  of  females  surviving  was  actually  higher  than  of 
males:  95%  vs.  88%  at  five  years  and  85%  vs.  78%  at  ten.  However,  at  16 
years  of  follow-up,  the  survival  curves  indicate  a  male  survival  of  78% 
with  female  survival  just  60%.  This  result  is  consistent  with  the 
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Survival  inferred  visually  from  graph  presented  in  paper.  Data  are  estimates  and  error  is  not  known. 
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observation,  made  by  several  others^ that  survival  among  females 
deteriorates  in  the  teenage  years.  The  results  would  be  much  stronger  if 
the  authors  had  considered  the  age  of  diagnosis  and  the  presenting  symptoms 
in  each  gender  group.  Also,  the  survival  curves  have  diminished  statistical 
reliability  at  16  years  of  follow-up  because  some  patients  were  followed 
for  less  than  16  years.  We  are  not  informed  of  the  number  of  patients 
followed  16  years,  but  are  told  that  the  minimum  follow-up  was  13  years  and 
maximum  17  years. 

B.  Race 

Race  is  seldom  considered  in  studies  of  cystic  fibrosis  as  97.2%  of 
diagnosed  and  reported  patients  in  the  U.S.  are  white^.  In  1976,  Stern  et 
al.5  of  Case  Western  compared  17  black  patients  diagnosed  between  1957  and 
1974  with  93  white  controls  diagnosed  between  1957  and  1961.  The  mean  age 
at  diagnosis  was  two  years  seven  months  for  the  black  patients  and  was  not 
given  for  the  whites.  Presenting  symptoms  were  not  mentioned.  Forty-five 
percent  of  the  blacks  were  male  while  the  sex  ratio  in  controls  was  not 
given.  Follow-up  duration  differed  markedly  in  the  two  groups:  2-17  years 
among  the  blacks;  15-17  years  among  the  controls.  Only  one  of  the  blacks 
and  28  of  the  controls  died.  Life  table  analysis  generated  survival  curves 
which  indicated  that  five  year  survival  for  both  whites  and  blacks  was 
around  95%.  However,  at  ten  years  of  follow-up,  the  survival  of  whites  was 
80%  while  that  of  blacks  remained  around  95%.  The  authors  concluded  that 
the  course  of  cystic  fibrosis  in  blacks  is  milder  than  in  whites. 

These  conclusions  simply  cannot  be  accepted  because  of  methodological 
problems.  First,  the  secular  period  of  entry  into  the  study  differs 
markedly.  Blacks  were  entered  as  late  as  the  mid  1970 's  while  all  whites 
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were  diagnosed  and  entered  in  the  late  1950' s.  As  was  described  in  the 
introductory  chapter,  antibiotic  treatment  and  diagnostic  acumen  likely 
improved  over  three  years;  hence,  one  cannot  exclude  the  possibility  that 
differences  in  treatment  and  diagnosis  of  milder  variants  accounted  for  the 
results  in  this  study,  rather  than  race.  The  second  problem,  also  severe, 
concerns  the  use  of  life  table  analysis  in  a  group  of  only  17  patients, 
with  only  one  death,  followed  for  as  short  a  time  as  two  years  in  some 
cases.  With  numerator  and  denominators  so  small,  the  potential  for 
misleading  estimates  is  quite  large. 

C.  Secular  Period  of  Diagnos is 

The  issue  of  the  secular  period  of  diagnosis,  central  to  the  preceding 
study,  was  examined  directly  by  Huang  et  al.  of  Temple  in  1970.^^  The 
authors  identified  three  distinct  secular  periods  in  the  treatment  of 
patients  with  cystic  fibrosis  at  St.  Christopher's  Hospital  for  Children. 
Prior  to  1957  patients  were  treated  with  pancreatic  enzymes  and  intermittent 
antibiotics,  but  without  sustained  intensive  follow-up.  In  1957,  a  cystic 
fibrosis  clinic  was  established  at  St.  Christopher's  to  provide  close  follow¬ 
up  and  long-term  antibiotic  therapy.  In  addition,  the  use  of  aerosol 
medication  was  introduced  around  1957.  In  1962,  the  clinic  funding  was 
bolstered  and  a  more  intensive  program  was  developed  including  mist  tent 
therapy,  physical  therapy,  and  improved  dietary  management.  The  Huang  group 
hypothesized  that  treatment  improved  over  these  successive  intervals, 
resulting  in  enhanced  long-term  survival. 

The  authors  sought  to  test  this  hypothesis.  They  examined  mortality 
data  of  three  cohorts  of  patients:  (I)  37  patients  admitted  for  treatment 
between  1952  and  1957.  Twenty-four  of  the  37  were  male  and  60Z  were  diagnosed 
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before  age  one;  (II)  73  patients  admitted  to  the  St.  Christopher's  clinic 
between  1957  and  1962.  Thirty-seven  (49%)  of  these  were  male  and  38%  were 
diagnosed  before  age  one;  (III)  129  patients  diagnosed  between  1962-1967. 
Forty-eight  of  these  were  male  (39%)  and  39%  were  diagnosed  before  age  one. 
Of  note,  the  authors  do  not  specify  the  interval  between  diagnosis  and 
admission  for  treatment.  They  also  provide  no  information  on  the  number 
of  patients  lost  to  follow-up.  They  do  divide  the  patients  into  two  clearly 
defined  groups  based  on  the  severity  of  pulmonary  involvement  at  first 
observation  ("mild  to  moderate"  and  "severe").  This  determination  is  based 
on  history,  physical  exam,  and  x-ray.  The  authors  do  not  provide  the  precise 
criteria  used  for  the  division. 

Life  table  analysis  revealed  that  after  five  years  of  follow-up  survival 
in  group  (I)  was  35%  (+  8.9);  group  (II)  survival  was  63.6%  (+  6.4);  and 
in  group  (III)  70.6%  (+  7.0).  Groups  (ll)  and  (III)  were  analyzed  further 
by  stratifying  according  to  age  at  diagnosis,  sex,  and  severity  of  pulmonary 
disease.  No  explanation  is  given  for  the  exclusion  of  group  (I)  from  these 
analyses,  although  it  seems  likely  that  there  were  insufficient  patients 
in  the  cohort  for  meaningful  subdivision.  Patients  with  "mild  to  moderate" 
lung  disease  at  presentation  had  much  better  five  year  survivals  than 
patients  with  "severe"  lung  involvement,  88.4%  vs.  35.0%  in  group  (II); 
92.6%  vs.  21.2%  in  group  (III).  The  clinical  criteria  for  these  categories 
are  not  given.  The  difference  in  survival  between  children  first  observed 
at  less  than  one  year  was  not  statistically  different  from  those  admitted 
to  the  clinic  after  one  year  of  age  (61.5%  vs.  67.5%  in  group  (II);  79.8% 
vs.  73.8%  in  group  (III)).  Analysis  of  sex  distribution  revealed  that  in 
group  (II)  five  year  survival  of  females  was  better  than  males  (74%  vs. 
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44%)  while  in  group  (III)  the  males  had  better  survival  (82.4%  vs,  69.5%) 
though  the  difference  was  not  statistically  significant  (P  >  ,05).  Huang 
et  al.  interpret  their  data  to  indicate  primarily  that  patients  treated  in 
the  later  secular  intervals  had  better  outcomes.  They  also  conclude  that 
extensive  pulmonary  disease  at  presentation  is  a  poor  prognostic  indicator. 

The  primary  conclusion  —  that  patients  who  enrolled  in  later  years 
fared  better  is  difficult  to  evaluate  because  group  (I)  was  not  stratified 
according  to  sex  and  age  at  diagnosis.  This  is  particularly  important 
because  the  sex  ratio  and  ages  of  patients  in  group  (l)  are  so  markedly 
different  from  those  in  the  other  patient  groups.  The  poor  five  year 
survival  of  males  in  group  (ll)  (44%)  raises  the  question  of  whether  outcomes 
in  the  predominantly  male  group  (I)  can  be  explained  on  the  basis  of  sex, 
not  secular  period.  The  study  would  also  be  more  n^aningful  if  the 
chronological  relation  between  diagnosis  and  entry  into  the  study  were 
clarified.  Furthermore,  survival  data,  while  important,  do  not  detect 
crucial  changes  in  clinical  status.  Clinicians  make  management  decisions 
based  on  morbid  events.  Hence,  assessment  of  outcomes  in  terms  of  morbidity 
would  be  more  valuable  for  clinicians  than  mortality  data  alone.  As  a 
result  of  these  criticisms,  conclusions  must  be  tentative:  The  study 
indicates  that  the  secular  period  of  entry  into  the  clinic  must  be 
scrutinized  for  its  potential  effect  upon  five  year  survival. 

D.  Age  of  Diagnosis 

While  the  Huang  group's  cursory  analysis  of  the  age  at  diagnosis 
provided  no  definitive  information  it  suggested  that  the  age  at  diagnosis 
had  no  predictive  prognostic  value.  diSantagnese  et  al.27  (1979)  of  the 
National  Institutes  of  Health  (NIH)  attempted  a  more  complete  evaluation 
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of  this  relationship^  The  group  studied  75  patients  over  18  years  of  age 
followed  at  the  NIH  clinic.  Fifty-five  percent  of  the  group  was  male  and 
21%  were  diagnosed  after  age  15.  Presenting  s3nnptoms  were  not  mentioned. 
Of  crucial  importances  the  patients  studied  comprise  a  residue  cohort 
admitted  to  the  clinic  at  age  18  rather  than  an  inception  cohort  followed 
since  diagnosis.  Correlation  of  age  at  diagnosis  with  Shwachman  scores  in 
1979  (after  a  variable  period  of  follow-up)  revealed  a  correlation 
coefficient  of  -0.01  at  a  P  value  of  0.49.  The  authors  conclude  that  the 
age  of  diagnosis  is  not  correlated  with  clinical  score.  For  the  present 
study,  these  results  and  conclusions  have  negligible  value.  The  relationship 
between  information  available  at  presentation  and  subsequent  outcome  cannot 
be  studied  in  a  residue  cohort  because  many  patients  could  have  died  or 
been  lost  to  follow-up  and  were  overlooked  in  the  analysis.  Hence,  a 
reliable  study  of  the  relationship  between  the  age  at  presentation  and 
subsequent  outcome  remains  to  be  completed. 

E.  Comparison  with  Siblings 

In  a  study  purported  to  demonstrate  the  effect  of  early  diagnosis  and 
treatment  on  clinical  outcomes  in  cystic  fibrosis,  Orenstein  et  al.^®  (1977) 
studied  16  sibling  pairs  in  their  Case  Western  clinic.  The  32  patients 
were  diagnosed  between  1957  and  1970.  To  qualify  for  the  study,  the  older 
siblings  must  have  been  diagnosed  after  age  one  and  the  younger  siblings 
before  age  one.  Fifteen  of  the  16  older  siblings  and  nine  of  the  younger 
siblings  had  pulmonary  disease  at  diagnosis.  Fifty  percent  of  the  older 
siblings  were  male  as  were  44%  of  the  younger  siblings.  No  patients  died 
and  each  was  followed  until  age  seven,  the  endpoint  of  the  study. 
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Comparison  between  siblings  was  made  using  various  outcome  measures 
at  age  seven.  These  included  chest  x-rays,  Shwachman  scores,  pulmonary 
function  tests  (PFT's),  and  anthropometric  measures.  Data  were  analyzed 
using  the  paired  student's  t-test,  with  ordered  pairs  being  (older  sibling 
-  mean/mean  of  the  two  siblings,  younger  sibling  -  mean/mean).  The  authors 
concluded  that  the  younger  siblings  had  better  total  scores  than  the  older 
siblings  (P  <  0.05).  Twelve  of  the  younger  siblings  had  higher  scores  at 
age  seven.  Average  score  for  the  16  older  siblings  was  70  and  for  the 
younger  siblings  was  86.  The  younger  siblings  also  had  lower  residual 
volumes  and  RV/TLC  ratios  (P  <  0.05).  In  these  categories,  the  younger 
sibling's  score  was  better  in  12  and  11  of  the  16  pairs,  respectively. 
Eleven  of  the  younger  siblings  also  had  higher  chest  x-ray  scores  (Shwachman 
scores).  Seven  of  the  older  siblings  had  chest  x-rays  of  16  or  below  compared 
with  none  of  the  younger  siblings.  The  authors  concluded  that  the  younger 
siblings  fared  better  and  inferred  that  early  diagnosis  and  treatment  leads 
to  better  clinical  outcomes. 

While  these  results  indicate  that  younger  siblings  had  better  clinical 
outcomes  in  this  study,  inferences  about  the  effect  of  early  diagnosis  and 
treatment  simply  cannot  be  made  for  several  reasons.  First,  pairs  in  which 
the  older  sibling  was  diagnosed  before  age  one  were  excluded  from  the  study. 
This  exclusion  eliminates  patients  whose  natural  histories  might  have 
differed  markedly  from  the  older  siblings  studied.  Of  course,  if  the  natural 
course  of  disease  were  identical  between  siblings,  as  the  authors  assume, 
this  exclusion  would  not  bias  the  results.  But  there  is  simply  no  evidence 
to  suggest  that  in  siblings  the  natural  course  of  cystic  fibrosis  is 
identical  or  even  similar.  ^8  xtig  authors  failed  to  bolster  their  assumption 
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of  homogeneity  among  siblings  with  comparisons  of  symptoms  at  presentation 
and  later  in  the  course.  To  conclude,  the  effect  of  early  diagnosis  on 
prognosis  simply  cannot  be  addressed  by  a  study  of  sibling  pairs. 

III.  The  Relationship  Between  Clinical  Data  Obtained  at  Diagnosis  and 
Subsequent  Outcomes 
A.  Normal  Pancreatic  Function 

Only  a  few  investigators  have  studied  the  relationships  between  either 
physiologic  measure  of  disease  or  symptom  status  at  diagnosis  and  subsequent 
clinical  outcomes.  Gaskin  et  al.^^  (1979)  retrospectively  examined  72 
patients  diagnosed  between  1962  and  1980  having  normal  pancreatic  function 
as  determined  by  fecal  fat  excretion.  This  group  was  compared  with  an 
unspecified  number  of  patients  with  steatorrhea  who  were  enrolled  in  the 
clinic  at  the  time  of  the  study.  The  72  patients  with  normal  fecal  fat 
excretion  consisted  of  42  males  and  had  a  mean  age  at  diagnosis  of  five 
years.  All  patients  in  the  study  were  at  least  seven  years  old  at  the  time 
of  analysis  —  the  age  at  which  pulmonary  function  studies  are  first 
performed.  The  sex  ratio  of  the  controls  was  not  given  nor  was  the  age  at 
diagnosis  nor  mode  of  presentation.  Interestingly,  some  of  the  patients 
with  normal  fecal  fat  excretion  presented  with  loose  stools. 

The  authors  compared  PFT's  (FEVj^,  FEV25_75,  RV/TLC)  arterial  blood 
gases  and  the  percentage  of  ideal  weight  for  height  among  patients  in  four 
groups  defined  by  presence  or  absence  of  steatorrhea  and  by  sex.  Data  were 
obtained  at  six  month  intervals  after  age  seven  and  plotted  against  patients' 
ages.  Least  squares  regression  lines  were  generated  for  the  four  groups 
for  each  of  the  clinical  variables  studied.  Differences  in  slopes  were 
then  analyzed.  In  this  manner  the  authors  demonstrated  that  patients  with 
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normal  pancreatic  function  did  better  than  controls  in  each  of  the  categories 
studied.  Among  patients  with  steatorrhea,  girls  did  worse  than  boys,  the 
differences  becoming  apparent  at  around  15  years.  For  example,  the 
regression  for  FEVj  revealed  that  at  ten  years  males  and  females  with  normal 
pancreatic  function  had  values  of  around  95%  of  normal  while  males  and 
females  with  steatorrhea  had  values  around  85%  of  normal.  However,  the 
regression  lines  at  25  years  of  age  showed  males  and  females  with  normal 
pancreatic  function  hovering  around  90%  while  males  with  steatorrhea  had 
FEV^  of  60%  and  females  40%  of  normal. 

The  study,  while  fascinating,  is  quite  problematic.  First,  cases  have 
been  entered  over  the  secular  period  1962-1980,  which  spans  different  eras 
in  the  treatment  of  cystic  fibrosis.  This  tactic  was  criticized  earlier 
in  this  review.  Also,  it  would  be  extremely  important  to  learn  the  average 
age  at  diagnosis  of  the  patients  with  steatorrhea.  Given  the  relatively 
late  age  of  diagnosis  of  patients  with  normal  fat  excretion  (five  years), 
one  wonders  whether  age  of  presentation  might  be  an  even  stronger  predictor 
of  pulmonary  function  than  pancreatic  function.  In  addition,  neither  group 
is  an  inception  cohort  of  patients  diagnosed  and  then  followed;  rather  they 
are  residue  cohorts  of  patients  available  for  PFT's  after  age  seven.  Hence, 
information  is  lacking  as  to  how  many  patients  died  before  age  seven  or 
were  lost  to  follow-up. 

Finally,  the  statistical  methods  are  questionable.  The  regression 
lines  are  displayed  extending  from  ages  seven  to  thirty.  However,  it  is 
not  clear  how  many,  if  any,  patients  lived  to  age  30.  The  authors  do  not 
even  compare  the  present  ages  or  average  lengths  of  follow-up  in  each  group. 
Most  important,  they  present  no  evidence  that  changes  in  pulmonary  function 
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studies  vary  linearly  with  age  in  cystic  fibrosis.  The  assumption  of 
linearity  is  central  both  to  the  impressive  graphic  results  and  to  the 
numerical  calculations.  To  summarize,  the  authors  present  an  interesting 
subgroup  of  patients  clearly  defined  at  diagnosis  by  laboratory  measurement 
of  fecal  fat.  They  claim  that  this  group  enjoys  better  subsequent  pulmonary 
function  than  age-matched  controls,  but  unproved  assumptions  underlie  their 
arguments . 

B.  Chest  X-Ray  Scores 

The  prognostic  value  of  initial  chest  x-ray  scores  was  evaluated  by 
Stern  et  al,^^  (1976)  in  a  study  of  102  patients  admitted  to  the  Case  Western 
Clinic  between  1957  and  1961,  Seven  patients  were  lost  to  follow-up  and 
were  not  included  in  the  analysis.  Twenty-eight  died  and  67  continued  to 
be  followed  at  the  time  of  publication.  The  patients  were  divided  into  two 
groups  based  on  their  highest  chest  x-ray  scores  over  the  first  year  of 
follow-up.  This  strategy  was  designed  to  distinguish  between  acute 
reversible  findings  at  presentation  and  chronic  lesions  that  persisted  for 
a  year.  The  authors  fail  to  indicate  the  frequency  with  which  chest  x-rays 
were  obtained  during  the  first  year  of  follow-up.  Group  (I)  consisted  of 
patients  with  at  least  one  chest  x-ray  score  greater  than  or  equal  to  19 
during  the  first  year.  (The  Shwachman  scoring  system  was  used,  with  a 
maximum  score  of  25  points.)  Patients  in  group  (II)  had  first  year  scores 
consistently  below  19.  The  sex  distribution  in  the  group  is  not  given  nor 
is  the  nature  of  clinical  presentation.  Age  at  diagnosis  among  patients 
in  group  (I)  averaged  20  months  for  males  and  38  months  for  females.  In 
group  (II),  males  were  diagnosed  at  an  average  age  of  102  months  and  females 
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Survival  curves  were  calculated  using  life  table  analysis. 
Interpretation  of  the  curves  reveals  that  five  year  survival  was  around  98% 
for  group  (I)  and  60%  for  group  (II) .  Ten  year  survival  in  group  (I)  was 
around  95%  and  in  group  (II)  60%.  The  authors  concluded  that  the  presence 
of  irreversible  pulmonary  disease  predicts  poor  long-term  prognosis. 

While  the  data  strongly  suggest  that  persistent  x-ray  abnormalities 
bode  a  poor  prognosis,  the  analysis  is  not  thorough  enough  to  implicate 
irreversible  pulmonary  disease  as  the  culpable  factor.  The  patients  should 
have  been  stratified  by  sex,  a  variable  known  to  influence  prognosis.  In 
addition,  the  widely  discrepant  ages  at  diagnosis  of  patients  in  the  two 
groups  raise  the  question  of  whether  age  is  the  factor  with  most  predictive 
power.  The  chest  x-ray  score  could  simply  serve  as  a  surrogate  reflection 
of  patients'  ages  at  diagnosis  rather  than  as  an  independent  measure  of  the 
severity  of  pulmonary  disease.  Again,  further  analysis  would  be  required 
to  resolve  this  issue.  Finally,  as  has  been  mentioned  already  in  this 
review,  survival  data  provide  an  incomplete  assessment  of  clinical  outcomes. 

C.  Organ  System  Involvement 

Only  one  study  to  date  compares  outcomes  in  patients  stratified  by 
organ  system  involvement  at  the  time  of  diagnosis.  Kraemer  et  al.^  (1977) 
studied  204  patientsretrospectively  who  enrolled  in  the  Berne  Clinic  between 
1956  and  1976.  They  did  not  specify  the  sex  of  patients  nor  the  average 
duration  of  follow-up.  The  patients  were  divided  into  five  groups  based 
on  symptoms  present  at  the  time  of  diagnosis.  The  groups  consisted  of: 
(I)  Patients  diagnosed  because  of  a  positive  family  history.  Some  of  these 
were  diagnosed  in  the  first  months  of  life  because  they  were  born  into 
families  with  members  known  to  have  cystic  fibrosis.  Others  were  diagnosed 


...'Ml*  .ts'i.M  baidiusUa  l.ftwivyMS 

uMif  tr  '‘i-.v  I  ns'ivTi^e  »V’M  i«r{3  ,  ai: ''«  nti?.1ifc5n-3<7'i»Jo.I 

1>  ttW  <?"'OTu3[  ft  i  f  » '» 't  I,!  ■:  ^  :-JN  Rful  ^  (  XI  )  '>*3-  •<  !><?>  4rf?j»  \t)  <{UO  XU  ^  Oi 

fi  7,'rt  J  48, (f3  J  0 'lOi  .ft'iU'’  '  oJl'  oti  ,bftS  Jv.^  bctoOlU 

«7i»'l^S»v  J  tooq  <;  i:' r  b--F-{  •-•h.- i ti  vtaftofflj  :»t,  uA<^ '  »»'i »■'''«* Tl,(  ^0 

,  4.  t  :  .  /  w»-'.ot*<i.^  .Ib3-X  :»n34»  ■;  M-fsi'"  :'r/v:i  -^.X  r^n*, :,’ Ji!  ,*3ab  Wit  ^  . 

»4  •ai’ I  fT'BL'  oJ  tii|uu;ia  '^f»  **4  ,  a  i  i  ^'.’xSs’27.^  To'-;  •  '-bod 

biworUi  7 -ft  v-^nofliJuq  '-''hf  ♦.  ^5r#vd7ti 

r’l  -  H.t  ftOCSJi'O^Siq  JJ  nn/pnJ  ^-ii  asin  r--r  R  ,x'jS  ,;//  '■.'*•(. 1  i.7  J73f  'ivskd 

4;,v<  »/!-j  r^r  «'ir‘ni,ju,c  sj(.ion:g&':i>  Sh  iCisr  vai b  yJwblf'VM^  .'loilibljK 

■>v i. •>  D  T  jAQiip  rf;.’Xiw  roii  iiii  t  ./X4  •: '•  T Tti-.t  ^'0  ©oitx er  ' '"■  »»i*i  •quo’Y) 

ftO.i  X -J  «*  I  •-' <  :>J  i.-jr!'.  Mij.u  ft  18  fr  '>v  .’'vjirr.*.  h‘ i. !?>?»-  4»-!'cioe  '■?  4-Arti'  iOfl'  .T»WO^ 

*fl3  lo  :',.<fi  jfl':>'>us«qfibrii  tie  e,6  ftjiriJ  /LMijci  iton^siii  :r  twjs**  *^*fc»x3««(  'lo 

r  Bff  ft  drt’'4l02  .  «i  1-.^^  ■  -  ~ X"  ‘  ■!'■  i  /'?'-"»J| 

■  idj  fti  •”::jr!j  r4ci '.H'  !.'->•,■*'.{  i;ftf''  fta  ■  ‘'.'/o*"!  t>f 

. «' •  ] S2?X n i  ‘  \  ■**  :  ■'  <>■■-•  sX'tgp'o.:'!' f  oft  ^t>^o^;“^cj  b-j'-.b  Lsj'V-t'V'  •■  r*fni 

-ju-yft  ,  ^»VU  !  ’ 

1  f  ,1  !’»,i’  a'liwvOiJ  (.'7>  i  aXftt  o.1  >X-.uU‘  Y^®'0 

(T\Pl  )  *' .  |»  rfiMytsoiXt  la  .5£px3  a<i4  3ft  ^aasjiJSXM •  “■fifjt*  ftftgT* 

a.iaii.X'  “rGi-fi?!  ??»dj  ni  baJiaiin^  O'^v  '^i <ivH  »*ibi'ii 

7^*iij9v»  yjiJ  top?  aSnexlfcq  3to  xee  »r.i->  .v,o  bib  /-i/fT  ,#v?i  Snft  d€C| 

iftA«-j(od  av^il  b^tji  b94xfviL  ^inaiiaq  ^rtl’  „  < ej«-V’o4 iHiit'  ’l''^'  aai'3fticlj 

:tv  a'\ifOi^  »dtX  '^o  iiSM  *ii»f3  j*  ;tfl.n;iii  r-i  «« 

lo  Yi^C^*3i  ftvi  ,1'i  aarf.  vSK;  bvs'ir^^ftjb  CX^ 

«tn  .  -S dip •,■■>, 8*  l-ryi;  y-\J  c  ,1  b«i«Ott||4ib  dXtM 

baion^rb  -ifflft'/  C'J  lY?.  rrvsdiftaMr  iJJhr  vaHloift) 


35 


at  a  later  age  after  the  diagnosis  of  an  affected  sibling;  (II)  Patients 
with  gastrointestinal  symptoms  without  clinical  or  radiological  evidence 
of  lung  disease;  (III)  Patients  with  both  gastrointestinal  and  pulmonary 
disease;  (IV)  Patients  with  predominantly  pulmonary  symptoms;  and  (V) 
Patients  with  meconium  ileus  at  birth  necessitating  surgery.  The  mean  age 
of  diagnosis  was  3.3  months  for  patients  in  group  (l),  16.3  months  for  group 
(ll)j  27.5  months  for  group  (III),  21.1  for  group  (IV) ,  and  just  days  for 
patients  with  meconium  ileus  (V) . 

The  authors  constructed  curves  of  cumulative  survival  rates  calculated 

from  the  day  of  diagnosis.  They  did  not,  however,  indicate  the  number  of 

deaths  among  the  204  patients.  These  curves  depict  five  and  ten  year 
survival  rates  as  follows: 


Age  5  yr,  10  yr. 


Group 

Presentation 

N 

(%) 

At  Dx 

Survival  Survival 

I 

positive  family 

15 

(7) 

3.3 

88% 

70% 

history 

months 

II 

meconium  ileus 

37 

(18) 

days 

15% 

10% 

III 

gastrointestinal 

32 

(16) 

16.3 

83% 

60% 

symptoms 

months 

IV 

g.i.  and  resp. 

58 

(29) 

27.5 

72% 

55% 

symptoms 

months 

V 

respiratory 

62 

(31) 

21.1 

48% 

32% 

symptoms 

months 

204 

(100) 

The  authors  concluded  that  patients  presenting 

solely 

with  pulmonary 

symptoms  have  a  particularly 

poor 

survival. 

They  explained 

the  very  poor 

survival  in 

children  with  surgically  treated 

meconium  ileus 

by  implicating 

perinatal  and  post-operative  mortality.  Indeed,  their  data  reveal  that  90% 
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of  the  ten  year  mortality  in  this  group  occurred  in  patients  less  than  one 
year  of  age. 

The  results  are  limited  by  several  methodological  problems.  The  authors 
combined  patients  diagnosed  at  widely  disparate  secular  periods.  Also, 
they  restricted  outcomes  to  mortality  without  considering  morbidity.  They 
failed  to  stratify  patients  by  sex  or  by  the  severity  of  disease  at 
presentation.  In  addition,  the  statistical  validity  of  the  life  table  data 
cannot  be  evaluated  critically  without  knowledge  of  the  number  of  deaths. 

Finally,  the  group  who  came  to  diagnosis  because  of  a  positive  family 
history  (I)  poses  problems  in  the  interpretation  of  results.  The  authors 
mention  that  some  of  these  patients  were  entirely  asymptomatic  when  diagnosed 
in  the  first  months  of  age  on  the  basis  of  a  genetic  risk  known  at  birth. 
Others  were  diagnosed  later  on,  after  the  recognition  of  an  affected  sibling. 
The  latter  group  may  well  have  had  signs  and  symptoms  attributable  to  cystic 
fibrosis  upon  diagnosis,  though  these  disease  manifestations  were  not 
recognized  as  such.  Hence,  the  group  is  not  homogeneous  with  respect  to 
clinical  status  at  diagnosis.  Some  may  have  had  symptoms,  other  may  not 
have.  It  would  be  more  useful  in  a  study  of  the  prognostic  value  of  clinical 
symptoms  at  presentation  to  classify  as  "asymptomatic"  only  those  truly 
without  symptoms  and  to  categorize  others,  regardless  of  the  impetus  for 
diagnosis,  according  to  the  symptoms  present  at  the  time  of  diagnosis. 
Hence,  the  symptom  classification  of  the  European  Working  Group  for  Cystic 
Fibrosis,^  upon  which  the  Kraemer  study  was  based,  is  inappropriate  for 
studies  relating  initial  clinical  features  to  prognosis. 

One  particular  finding  merits  especially  close  attention.  The  data 
suggest  that  patients  with  both  gastrointestinal  and  pulmonary  disease  at 
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presentation  fared  better  than  those  with  pulmonary  disease  alone.  Several 
interpretations  come  to  mind.  Differences  in  the  secular  period  of  diagnosis 
and  the  gender  composition  of  the  two  groups,  not  examined  by  the  authors, 
could  have  had  an  effect  on  clinical  outcomes.  One  might  also  suspect  that 
the  better  outcomes  in  patients  with  gastrointestinal  as  well  as  pulmonary 
symptoms  was  due  to  earlier  diagnosis.  However,  the  group  with 
gastrointestinal  and  pulmonary  symptoms  was  in  fact  diagnosed  at  a  later 
mean  age.  The  two  groups  could  also  differ  in  the  severity  of  pulmonary 
disease  at  presentation,  or  the  rate  of  progression  of  disease  or  both. 
The  data  are  also  consistent  with  the  notion  that  the  two  groups  represent 
distinct  variants  of  the  disease  with  unique  presentations  and  outcomes. 
These  hypotheses  are  not  mutually  exclusive.  Suffice  it  to  say  that  the 
"beneficial  effect"  of  gastrointestinal  symptoms  on  patients  also  having 
pulmonary  symptoms  requires  more  rigorous  analysis. 

IV.  Sunmary  and  Conclusions 

This  review  has  examined  critically  the  existing  literature  on 
relationships  between  clinical  features  present  at  diagnosis  and  subsequent 
outcomes.  The  findings  of  these  studies  have  been  evaluated  and  methodologic 
problems  noted.  The  results  of  this  literature  review  have  guided  the 
design  of  the  present  study,  as  shall  be  discussed  in  this  concluding 
section. 

A.  Evaluation  of  Previous  Work 

While  each  of  the  studies  reviewed  had  defects  which  limited  the 
validity  and/or  interpretations  of  results,  several  conclusions  can  still 
be  reached  based  upon  the  data  presented.  With  respect  to  gender,  the  Stern 
group25  documented  a  result  which  has  been  consistently  reported  by  many 
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investigators  —  that  gender  seems  not  to  play  a  role  in  survival  until  the 
teenage  years  when  the  females  do  markedly  worse  than  males.  While  the 
study  is  flawed,  it  is  fair  to  conclude  that  the  effect  of  gender  should 
be  evaluated  in  the  present  study  as  potentially  affecting  outcome, 
especially  in  teenage  years.  The  Stern  group^  also  raise  the  question  of 
whether  the  natural  course  of  cystic  fibrosis  is  milder  in  blacks.  Their 
study  does  little  to  clarify  the  issue.  The  present  study  will  not  be 
helpful  either,  as  only  two  of  the  patients  entered  into  the  study  are  black. 

The  work  of  Huang  et  al.^^  indicates  that  the  secular  period  of 
diagnosis  may  have  an  independent  effect  on  prognosis.  The  authors' 
conclusions  cannot  be  accepted  until  other  variables  such  as  gender  and  age 
at  diagnosis  are  shown  to  be  responsible  for  the  impressive  mortality  in 
the  group  diagnosed  during  the  earliest  time  interval.  However,  while 
inconclusive,  the  results  warn  that  the  secular  period  of  diagnosis  should 
be  considered  as  potentially  influencing  subsequent  outcomes.  The  patients' 
ages  at  diagnosis,  a  variable  which  would  seem  on  intuitive  grounds  to  have 
an  effect  on  post-diagnosis  outcomes,  has  yet  to  be  tested  adequately. 
Certainly,  the  study  by  diSantagnese^^  of  a  residue  cohort  does  not  resolve 
the  question.  This  variable  will  be  examined  carefully  in  the  present  study. 

Among  studies  of  more  clinical  features  of  the  presentation,  the 
interesting  study  of  Gaskin  et  al.^'^  has  the  least  practical  value  for  the 
present  work.  The  authors'  analysis  of  patients  classified  according  to 
fecal  fat  measurement  has  little  value  in  the  absence  of  this  laboratory 
parameter  (which  is  not  available  for  patients  enrolled  at  Yale).  In  fact, 
the  presence  of  patients  with  loose  stools  in  the  group  with  normal  fecal 
fat  excretion  indicates  that  the  Gaskin  results  cannot  be  extended  to  groups 
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of  patients  defined  by  gastrointestinal  symptoms  in  the  absence  of  laboratory 
testing. 

The  work  of  Stern  et  al.^^  on  patients  subgrouped  according  to  x-ray 
score  is  much  more  valuable  for  the  present  study.  This  paper  indicated 
that  significant  radiological  lesions  which  persist  through  the  first  year 
portend  poor  survival  rates.  The  issue  left  unresolved  by  these  authors 
is  whether  their  results  can  be  ascribed  to  a  fundamental  difference  in 
severity  of  disease  among  patients.  The  other  possibility,  suggested  by 
the  advanced  age  of  the  group  with  worse  x-rays,  is  that  these  patients 
were  simply  diagnosed  later  in  the  course  of  the  disease.  Regardless  of 
the  explanation,  the  finding  indicates  that  patients  with  advanced  pulmonary 
disease  at  diagnosis  have  lower  survival  at  discreet  intervals  after 
diagnosis . 

Finally,  the  paper  of  Kraemer  et  al.^  most  clearly  approximates  the 
intent  of  the  present  work.  These  authors  also  documented  that  the  presence 
of  pulmonary  symptoms  at  presentation  was  associated  with  worse  survival. 
The  study  also  points  to  gastrointestinal  disease  as  conferring  a 
"beneficial"  effect  on  the  survival  of  patients  presenting  with  pulmonary 
disease.  The  reproducibility  and  explanation  of  this  interesting  result 
remain  to  be  established.  The  present  study  shall  examine  this  finding. 
The  Kraemer  study  examines  only  mortality  with  no  consideration  of  morbidity. 
Hence,  no  study  to  date  has  analyzed  associations  between  presenting  symptom 
clusters  and  subsequent  morbidity.  The  present  study  shall  attempt  to  fill 


that  gap. 
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B.  Methodological  Defects  to  be  Minimized 

Several  methodological  problems  were  identified  in  this  review  with 
the  intent  of  avoiding  them  in  the  present  study.,  First,  the  variables 
known  or  suspected  to  have  an  effect  on  prognosis  must  be  controlled  for. 
These  potentially  predictive  factors  include  gender,  secular  period  of 
diagnosis,  age  at  diagnosis,  severity  of  pulmonary  disease,  and  other  organ 
system  involvement.  In  addition,  the  group  of  patients  studied  must  be  an 
inception  cohort  followed  since  diagnosis  rather  than  a  residue  cohort 
assembled  at  a  later  point  in  time.  The  criteria  for  categorizing  patients 
must  be  sensible  and  explicitly  stated.  For  example,  the  group  inKraemer's 
study  defined  as  having  a  positive  family  history  does  not  necessarily  share 
the  same  clinical  manifestations  (or  lack  of  them)  at  diagnosis  and  hence 
would  be  inappropriate  for  the  present  study. 

Finally,  outcome  events  should  be  clinically  relevant  and  studied  at 
suitable  intervals.  Restricting  the  study  to  survival  eliminates 
consideration  of  morbidity  status  which  is  critically  important  to  patients, 
physicians,  and  families.  The  present  study  will  consider  a  wider  range 
of  clinical  outcomes  by  analyzing  morbidity  as  well  as  mortality. 
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RESULTS 


I.  Introduction 

This  chapter  presents  the  major  results  of  the  study.  Raw  data  are 
arranged  in  tables  located  at  the  end  of  the  chapter.  The  results  shall 
be  explained  in  the  following  sections  with  emphasis  on  those  findings  which 
are  either  particularly  germane  to  the  central  issues  of  the  study  or 
discrepant  with  previously  reported  data. 

Two  distinct  cohorts  of  patients  have  been  studied.  The  first  includes 
89  patients  who  enrolled  between  1966  and  1978  and  have  thus  been  followed 
at  least  five  years  but  less  than  ten  years.  This  cohort  shall  be  referred 
to  as  the  "five  year"  group.  The  second  cohort,  the  "ten  year"  group,  is 
comprised  of  55  patients  enrolled  between  1966  and  1973.  These  patients 
were  followed  for  at  least  ten  years.  Although  the  ten  year  cohort  is  a 
subset  of  the  five  year  group,  it  is  important  to  recognize  that  differences 
could  potentially  exist  in  the  compositions  of  the  two  groups  and  in  their 
clinical  outcomes.  Hence,  results  obtained  from  study  of  the  five  year 
cohort  do  not  necessarily  apply  to  the  ten  year  group  and  vice  versa.  For 
these  reasons,  the  two  groups  will  be  discussed  and  analyzed  separately. 

II.  Results  of  the  Five  Year  Cohort 
A.  Description  of  the  Cohort 

1.  Demographic  features:  Table  I  presents  demographic  features 
of  the  five  year  cohort,  including  gender,  race,  the  number  of  affected 
siblings,  age  at  zero  time,  and  the  secular  period  of  diagnosis.  Half  the 
patients  were  female  and  almost  all  (98%)  were  white.  The  mean  age  at  zero 
time  was  32  months  (+  standard  deviation  of  49)  and  the  median  age  was  13 
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months  (range  1-250).  The  discrepancy  between  mean  and  median  values 
suggests  that  as  in  other  series^  the  age  at  zero  time  of  patients  in  this 
cohort  generally  clustered  between  one  month  and  two  years,  with  the  tail 
of  the  distribution  stretching  out  to  20  years.  Note  in  Table  I  that 
patients  were  enrolled  at  a  rather  constant  number  from  1966-1978,  six  to 
eight  patients  per  year. 

2.  Select  clinical  features  at  zero  time:  We  determined  the 
prevalence  at  zero  time  of  several  clinical  features  which  we  suspected  to 
be  associated  with  distinct  clinical  outcomes.  This  suspicion  was  prompted 
both  by  the  advice  of  clinicians  and  by  reported  studies. The  features 
included  co-morbidity,  clubbing,  and  throat  culture  results.  Results  are 
presented  in  Table  II.  Of  the  89  patients,  only  six  had  one  of  the  listed 
co-morbid  diseases;  14  had  moderate  to  severe  clubbing;  and  11  grew  out 
pseudomonas  aeruginosa.  The  throat  culture  results  must  be  interpreted 
with  caution,  as  throat  specimens  do  not  ideally  reflect  sputum  flora. 

3.  Symptoms  at  zero  time:  Since  the  analysis  is  based  largely 
on  the  particular  symptoms  present  at  enrollment,  we  examined  the 
distribution  of  respiratory  and  gastrointestinal  symptoms  in  the  cohort. 
The  results  are  presented  in  Table  III.  We  suspected  that  a  division  of 
the  patients  with  respiratory  S3nnptoms  into  two  groups  defined  by  the 
anatomic  site  of  pathology  might  reveal  prognostic  distinctions.  Hence, 
respiratory  symptoms  are  subgrouped  into  "alveolar”  and  "upper  airway" 
categories.  Patients  presenting  with  acute  pneumonitis  or  with  at  least 
two  prior  episodes  of  pneumonia  were  categorized  as  "alveolar".  Patients 
without  alveolar  disease  were  categorized  as  "upper  airway",  and  typically 
presented  with  histories  of  cough,  wheezing,  or  at  least  two  episodes  of 
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bronchitis.  Patients  with  alveolar  disease  could  have  had  symptoms  referable 
to  the  upper  airway  as  well. 

Patients  with  gastrointestinal  disease  were  also  subgrouped.  It  has 
been  recognized  that  patients  with  meconium  ileus  generally  have  worse 
outcomes  than  patients  with  steatorrhea.^  Among  14  patients  with  meconium 
ileus,  those  with  peritonitis  or  requiring  resection  have  been  reported  to 
do  worse  than  patients  without  these  complications.^  Hence,  we  noted  the 
frequency  of  patients  who  fell  into  three  groups:  Meconium  ileus  with 
resection  peritonitis  (5);  meconium  ileus  without  these  complications 
(9);  and  gastrointestinal  disease  other  than  meconium  ileus  (65).  The 
latter  group  shall  be  referred  to  simply  as  "steatorrhea"  since  this  symptom 
is  present  in  all  the  patients  in  the  group.  All  but  ten  of  the  89  patients 
had  gastrointestinal  s3rmptoms  at  referral  to  the  clinic,  ’"ost  withoai, 
meconium  ileus.  Recall  that  meconium  ileus  may  be  under-represented  in  our 
study,  as  patients  with  meconium  ileus  who  die  at  birth  are  not  enrolled 
in  the  clinic  and  therefore  are  not  included. 

4.  Clusters  of  symptoms  at  zero  time:  A  major  goal  of  the  study 
was  to  analyze  constellations  of  zero  time  findings,  not  just  isolated 
symptoms.  Therefore,  patients  were  stratified  into  five  groups  defined  by 
the  clusters  of  symptoms  present  at  zero  time.  The  distribution  of  patients 
into  these  five  groups  is  presented  in  Table  IV.  Only  two  patients  were 
diagnosed  on  the  basis  of  a  positive  family  history  and  found  to  have  no 
s3nnptoms  at  zero  time.  These  patients  were  grouped  under  "family  history, 
asymptomatic".  Four  other  patients  were  diagnosed  on  the  basis  of  a  positive 
family  history  but  were  noted  to  have  other  symptoms  as  well.  These  patients 
were  grouped  according  to  the  symptoms  present  at  the  time  of  enrollment. 
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As  noted  in  the  literature,  patients  diagnoed  on  the  basis  of  a  positive 
family  history  have  been  lumped  together  in  other  series.^  A  quarter  of 
the  patients  had  isolated  steatorrhea  with  no  respiratory  disease  at 
presentation*  Eight  of  89  had  isolated  respiratory  disease  with  no 
gastrointestinal  involvement.  It  should  be  noted  that  these  patients 
presenting  with  involvement  of  just  one  organ  system  often  went  on  to  develop 
combined  respiratory  and  gastrointestinal  disease  after  the  time  of 
enrollment. 

Table  IV  also  lists  the  mean  ages  at  zero  time  for  patients  in  the 
groups  defined  by  symptoms  clusters.  (In  each  case  the  median  ages  are 
quite  similar  to  the  means.)  Patients  with  meconium  ileus  were  enrolled 
by  two  months  of  age,  and  those  with  isolated  steatorrhea  were  enrolled  by 
an  average  age  of  just  a  year  and  a  half.  In  contrast,  patients  with 
combined  respiratory  and  gastrointestinal  disease  were  enrolled  at  an 
average  of  three  and  a  half  years  of  age,  and  those  with  respiratory  disease 
alone  at  six  years  of  age. 

5.  Interval  between  birth  and  the  onset  of  respiratory  symptoms: 
Upon  the  advice  of  several  clinicians,  we  sought  associations  between  the 
interval  from  birth  to  the  onset  of  respiratory  symptoms  and  subsequent 
clinical  outcomes.  Table  V  displays  the  distribution  of  patients  into 
groups  defined  by  these  intervals.  Of  the  49  patients  with  respiratory 
disease  at  zero  time,  21  had  onset  of  respiratory  disease  after  a  year  of 
age.  Some  of  the  patients  with  no  respiratory  symptoms  at  zero  time  may 
well  have  developed  respiratory  disease  by  three  or  twelve  months  of  age 
but  were  enrolled  earlier.  The  data  simply  indicate  that  at  the  time  of 
enrollment  these  patients  had  no  respiratory  disease. 


«io<q  •  ha  «tand  -idii  ''  t\  ^  ■  '*  ■  VJ  AifH  kA 

Ifi  A  tsMj  -.  '■  ’  t !li11»j|»»l  l  *>'/ii(i  y  :'-.  ;*  .;  vlla«^ 

)•  i*ttoi(i  -1  ■>  *>0  J  1.J  j  .  3  cr  .tjv,.  ,'i*>if'jjv3«rJ'  ■'  Wftl 

^■<1  <'i,i»  tt»x9«xb'  'iTf  to »®^l£l  » 

.  :  ■»M|«  Jl  }!j-Nft»vlovni  t  WfiaJfr  ’  ■•  i  ••■J399J 
’  '  "rs-  .  '  :;  t"*  '">  '>f*9<'S»W  iOVffi  rf  OW  Ji ' '  ^  *  M  ?»  » fl  iQ 

So  *«  j  j  :'■?.'  •«ijjE  IWii  wvU  ycso  I.  1  t 

I.  Ul  H»\  f  '•t«* 

Jl/!.'  11  i(»i  niSi  .3  i*H  •*••1-  1*.-,*  ->.!  <  t  i  .’T  ?n  Vj<  1 1* 

Jkla  '  '••  **♦  *  ffftt- ■*  I*-  >  V  ’  •  .  .  ,  .  .  .‘t  r-  " 'i  *<fuOl|| 

ii^i.lctrt*  s»nv  »=--»4j  •4>ia09ir  ‘J.*'-  fU.  O.*  :  “  ♦’ '  o  •5jup 

t 'f .  '  T*  i  •  'rxtiw  Oitffij  111  '  !’  ^-.■•.  ^'3  nr^.^.■v*^l  *<1^3 

r1J;»  ,  3t*f»5n09  i  .  M  a  L.ir  »  iv  -i  •«{/;,  J/'  t-iji.  iift 

04  J*  Irllvtii.V  r*  >.*  %4t«4jl  ' /.n  *  J » ♦Jn^c'i  Jaj  j  ii:-  v^i-  I'  Aielk^  Iwidajoo 

•  4#9«ib  T*T«  .'*  li'J*  4J  i»»rt  ■:.. -f'  ■  '>■  _'.t  »'  ••'!. 

3'  k)®  1  •  -iioln 

(to  f»'*.  $mv  *»V3Jf93rfI  ' 

t/(  •  ■•  > '..-V  ?  j-c  ♦iru  :  S  •  J ’■<00 "  (•  1  ‘  ■  •  "’>  r  .  i  »  •'  >19  >:•  .'  ^  ■  1  u*’«jll 


i  .w.-int...  ,  ,'. 'oJjfr  ■•  I.;  *  t’lr  .>i->«^')  mti  ■•.■  J  <1 1 ;  <  <•<»■?»  JkVSVSnx 

timl  v'’nj*ijr-i  Ic  lud'ian ;  -  'f;  s.'.i«i.  ® 

—  ■■..j' .  1  >'i  v.» j  • '■  .  i '••■'• ’“Nit  u*!*  n-iiioia 

',  .  ivio  f  vriJi  t4%aA‘V';  -t  '-•V  .Sj«nu  «||#  it  .Wii  t»  dMxriBib 

■fi^  ffm ,  .  •■•»,  .  *.  •’?'•?.*  1  1  ••*.'  i*.’.f-v  4fr<i3'‘»;  •l.J  iv  ••<■•*;  •  SjpF 


«4Vk  rd  ^I»'‘ii  ‘iA  \>pqij,s>v*h  ntfH  lie»%r 

.  -rii  )  '•'  iKoi  Mofii  V  I.I'U  iJ".,  ’  3»I»  bfltlXoTC*  ■ir-*r  3u<J 

tr^ 

«#>:A»uib  Y'^otiai  }q«« «  oa  bsitf  «4cxxj4^  ••*H3  3fr«HiJo703 

*  ’’’  ^ 


45 


B.  Profile  of  Clinical  Status  at  Zero  Time  and  Follow-up 

To  provide  a  baseline  of  comparison  for  the  analysis  section,  a  profile 
of  clinical  outcomes  for  the  entire  cohort  has  been  presented  in  Table  VI. 
Interestingly,  the  number  of  patients  with  "excellent"  scores  actually 
increased  over  five  years,  from  34  to  38.  Eighteen  of  the  38  patients  with 
"excellent"  scores  at  five  years  did  not  have  "excellent"  scores  at 
enrollment  and  thus  improved  in  clinical  category  over  five  years.  The 
median  total  Shwachman  score  rose  slightly  from  88  to  89.  As  indicated  by 
the  table,  just  25  of  89  patients  (28%)  deteriorated  in  clinical  category 
over  five  years  while  64  of  89  (72%)  were  stable.  Of  the  latter,  42  remained 
in  the  same  category  while  22  actually  improved  in  clinical  category.  These 
data  indicate  that  after  five  years,  the  cohort  had  relatively  stable  scores 
with  a  substantial  number  of  patients  actually  improving.  It  must  be  noted, 
however,  that  the  number  of  patients  in  the  "terminal"  category  increased 
from  zero  at  entry  to  five  at  follow-up,  with  four  of  these  representing 
deaths.  The  survival  rate  was  96%.  Hence,  despite  the  overall  improvement 
in  the  cohort,  some  patients  deteriorated  substantially. 

C.  Analysis 

The  overall  goal  of  this  analysis  is  to  identify  associations  between 
clinical  features  apparent  at  zero  time  and  subsequent  clinical  courses. 
Outcomes  have  been  measured  in  terms  of  changes  in  clinical  category  relative 
to  a  baseline  zero  time  status.  To  make  the  change  in  status  more  meaningful, 
we  have  presented  the  clinical  scores  at  zero  time  as  well  as  the  subsequent 
changes  in  clinical  category.  This  analysis  section  has  been  organized  so 
as  to  clearly  distinguish  between  features  associated  with  poor  scores  at 
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zero  time  and  those  associated  with  distinct  changes  in  status  over  follow¬ 
up  intervals. 

1.  Clinical  features  associated  with  poor  baseline  status  but  not 
associated  with  distinctive  changes  in  clinical  category: 

Clubbing:  The  data  in  Table  VII  indicate  that  patients 
with  mild  or  moderate  clubbing  had  proportionally  fewer  "excellent”  scores 
at  zero  time  than  patients  with  no  evidence  of  clubbing.  Furthermore,  25% 
of  patients  with  moderate  to  severe  clubbing  had  "poor"  scores  compared  to 
1%  among  the  rest  of  the  cohort.  Hence,  clubbing  denotes  a  poor  clinical 
status  when  patients  are  first  enrolled  in  the  clinic.  However,  as  evidenced 
by  the  table,  clubbing  does  not  predict  distinctive  differences  in  the 
clinical  course  after  five  years. 

b).  Pseudomonas  culture  results:  Similar  to  clubbing,  positive 
throat  cultures  for  pseudomonas  were  associated  with  proportionally  fewer 
"excellent"  and  more  "poor"  scores  than  in  the  rest  of  the  cohort.  Again, 
however,  the  five  year  follow-up  data  revealed  that  positive  cultures  were 
not  associated  with  distinctive  changes  in  clinical  category. 

2.  Clinical  features  associated  with  distinctive  changes  in 
clinical  category  after  five  years,  but  not  with  distinctive  scores  at  zero 
time: 

a).  Co-morbidity:  It  should  be  noted  that  only  six  patients 
in  the  cohort  had  co-morbid  disease  at  presentation.  At  zero  time  both 
patients  with  co-morbidity  and  those  without  co-morbidity  had  comparable 
clinical  scores.  However,  after  five  years  of  follow-up,  the  six  patients 
with  co-morbidity  had  greater  deterioration  in  clinical  category  than  the 
rest  of  the  cohort.  Because  of  the  small  number  of  patients  with  co- 
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morbidity j  the  result  is  not  statistically  significant  (P  >  .10).  (Note 
that  P  values  are  two  tailed  in  this  study).  Therefore s  the  prognostic 
effect  of  co-morbidity  at  five  years  is  unclear. 

3.  Clinical  features  grouped  according  to  organ  system 
involvement:  Outcomes  in  the  four  principal  groups  of  patients  defined  by 
organ  system  involvement  are  displayed  in  Table  IX-A.  The  fifth  group, 
comprised  of  patients  diagnosed  on  the  basis  of  a  positive  family  history 
and  found  to  be  asymptomatic,  consisted  of  just  two  individuals.  Because 
this  group  was  so  small,  it  was  excluded  from  the  analysis.  The  courses 
of  these  two  patients  were  typical  of  the  group  as  a  whole.  One  had  zero 
time  and  five  year  scores  of  90  and  85,  respectively.  The  other  had  scores 
of  94  and  89. 

The  association  between  organ  system  involvement  and  five  year  outcomes 
(Table  IX)  was  statistically  significant  ( X^  =  7.8;  P  =  .05).  Analysis  of 
the  four  principal  groups  indicates  that  patients  presenting  with 
steatorrhea  only  had  the  most  stable  clinical  courses  at  five  year  follow¬ 
up,  with  just  two  of  22  (8%)  deteriorating  in  clinical  category.  In  fact, 
while  11  patients  in  this  group  had  "excellent"  scores  at  zero  time,  17  had 
excellent  scores  at  five  years.  This  observation  indicates  that,  with  some 
frequency,  the  status  of  patients  with  steatorrhea  can  be  expected  to  improve 
over  the  first  five  years  of  follow-up.  Patients  with  gastrointestinal  and 
respiratory  disease  had  the  next  best  outcomes,  with  29  of  41  (71%)  stable 
over  five  years.  It  should  be  noted,  however,  that  these  patients  have  the 
poorest  scores  at  enrollment  with  only  9  of  41  (22%)  in  the  "excellent" 
category  and  four  (10%)  with  "poor"  scores  at  zero  time.  Patients  with 
meconium  ileus  had  third  best  clinical  outcomes  with  seven  of  14  (50%) 
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stable.  Interestingly,  the  presence  or  absence  of  peritonitis  and  resection 
did  not  affect  the  results.  Finally,  patients  presenting  with  isolated 
respiratory  disease  had  the  best  zero  time  scores  but  the  most  deterioration 
at  five  year  follow-up,  with  four  of  eight  (50%)  dropping  in  clinical 
category.  With  so  few  patients  in  the  group,  the  result  is  not  statistically 
persuasive;  hence,  the  actual  prognostic  significance  of  the  poor  outcomes 
in  patients  with  isolated  respiratory  disease  is  difficult  to  assess  from 
our  data. 

A  multivariate  analysis  was  performed  to  determine  whether  the  strong 
association  between  organ  system  involvement  and  subsequent  outcomes 
persisted  when  potentially  confounding  variables  were  held  constant.  The 
SAS  multivariate  program  was  used.  Our  results  revealed  that  at  five  years 
the  association  remained  statistically  significant,  even  when  gender, 
clubbing,  and  co-morbidity  were  added  to  the  multiple  regression. 

In  general,  the  data  reveal  that  the  49  patients  with  respiratory 
disease  had  worse  post-zero  time  courses  than  patients  who  presented  with 
gastrointestinal  disease.  We  sought  clinical  features  which  could  separate 
these  patients  with  respiratory  disease  into  prognostically  distinct 
subgroups.  The  presence  vs.  absence  of  gastrointestinal  diseases  did  not 
satisfactorily  differentiate  the  patients  because  the  group  with  isolated 
respiratory  disease  numbered  just  eight,  too  few  for  statistically 
meaningful  analysis.  Based  on  the  advice  of  several  clinicians,  we  employed 
the  following  features  to  distinguish  among  patients  with  respiratory 
disease:  The  anatomic  site  of  disease,  the  initial  chest  x-ray  score,  the 
interval  between  birth  and  the  onset  of  respiratory  symptoms  and  the  results 
of  initial  staph  aureus  cultures.  The  results  of  these  subgroupings  are 
displayed  in  Tables  IX-B-E  and  are  discussed  below. 
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a) .  Anatomic  site  of  respiratory  disease:  Patients  with 
respiratory  symptoms  were  categorized  in  the  "alveolar"  group  if  they 
presented  with  pneumonitis  or  a  history  of  at  least  two  episodes  of 
pneumonia,  and  in  the  "upper  airway"  group  if  they  did  not  have  alveolar 
involvements  Five  year  follow-up  data  indicate  that  substantially  more 
patients  with  "alveolar"  disease  deteriorated  than  those  with  upper  airway 
disease.  Although  the  numbers  are  small  and  the  results  do  not  achieve 
conventional  levels  of  statistical  significance  (X^  =  1.55,  P  =  .21),  the 
clinical  trend  is  impressive. 

b) .  Initial  chest  x-ray  score:  Patients  were  separated  into 
two  groups  on  the  basis  of  the  chest  x-ray  component  of  their  total  Shwachman 
scores.  As  discussed  in  the  Methods  section,  the  x-ray  score  was  assigned 
by  the  method  of  Brasfield  et  al.^^  with  maximum  score  being  25.  One  group 
had  x-ray  scores  less  than  or  equal  to  21;  the  other  group  had  scores  greater 
than  21.  Not  surprisingly,  the  patients  with  x-ray  scores  of  21  or  less 
had  much  worse  zero  time  scores.  Interestingly,  however,  the  initial  x- 
ray  score  had  no  association  with  subsequent  change  in  clinical  status. 
Hence,  the  finding  of  a  chest  x-ray  score  of  21  or  less  is  a  marker  for 
poor  status  at  zero  time  but  does  not  help  to  identify  patients  who  will 
deteriorate  over  follow-up  intervals. 

c) .  Interval  between  birth  and  the  onset  of  respiratory  symptoms: 
Patients  were  divided  into  two  groups  defined  by  the  interval  between  birth 
and  the  onset  of  respiratory  symptoms.  Five  year  follow-up  data  indicated 
substantially  greater  deterioration  in  the  scores  of  patients  with  the  onset 
of  respiratory  disease  before  three  months  of  age  in  the  scores  of  patients 
with  onset  of  disease  after  three  months  of  age. 
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Staph  aureus  culture  results^  The  results  of  initial 
cultures  for  staph  aureus  did  not  distinguish  among  the  five  year  courses 
of  patients  presenting  with  respiratory  disease. 

In  sum,  these  sub-stratifications  suggest  that  among  patients 
presenting  with  respiratory  disease,  two  zero  time  findings  identified 
groups  of  children  with  substantially  greater  deterioration  after  five 
years.  These  included  the  presence  of  alveolar  disease  and  a  history  of 
respiratory  symptoms  beginning  before  three  months  of  age.  The  results  of 
staph  aureus  cultures  and  the  initial  chest  x-ray  score  were  not  associated 
with  distinctive  patterns  of  clinical  deterioration  after  five  years, 
although  as  expected  the  lower  chest  film  scores  were  associated  with  worse 
zero  time  status. 

From  the  data  presented  thus  far,  three  broad  group  of  patients  emerge 
with  distinct  five  year  courses:  Patients  presenting  with  steatorrhea  have 
markedly  stable  five  year  courses;  those  with  respiratory  disease  which  was 
either  alveolar  and/or  occurred  before  three  months  of  age  had  distinctively 
poor  outcomes;  patients  presenting  with  meconium  airways  and/or  occurring 
after  three  months  of  age  had  intermediate  outcomes  after  five  years. 

e).  Activity  score  as  measures  of  outcome:  The  preceding 
paragraphs  indicate  that  respiratory  disease  was  associated  with  poor 
outcomes.  One  could  argue  that  the  Shwachman  score  is  heavily  weighted 
toward  respiratory  disease,  and  therefore  that  the  results  are  simply 
tautologous.  In  fact,  we  feel  that  the  Shwachman  system  provides  a  balanced 
assessment  of  clinical  status.  Nevertheless,  we  have  examined  outcomes  in 
terms  of  activity  scores,  a  global  rather  than  organ-specific  measure  of 
clinical  status. 
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Activity  scores  were  used  to  measure  the  outcomes  of  patients  in  the 
four  groups  defined  by  organ  system  involvement  at  zero  time.  Results  are 
displayed  in  Table  IX-F,  The  activity  categories  were  defined  by  scores 
suggested  by  several  clinicians:  Excellent  =  24-25;  good  =  21-23;  fair  = 
16-20;  and  poor  =  <  15.  At  five  years,  the  entire  cohort  had  64  stable 
outcomes  defined  by  total  Shwachman  scores  and  69  defined  by  activity  score. 
Results  for  specific  subgroups  were  similarly  analogous  (compare  with  Table 
IX-A) .  Overall,  it  is  clear  that  the  results  obtained  with  total  Shwachman 
scores  are  substantiated  by  this  less  organ  specific  measure  of  clinical 
outcome. 

4.  Clinical  features  neither  associated  with  distinctive  zero 
time  scores  nor  with  distinctive  changes  in  clinical  course  after  five  years 
of  follow-up:  Table  X  presents  data  which  document  that  several  of  the 
clinical  features  we  examined  were  neither  associated  with  distinctive 
scores  at  zero  time  nor  with  distinctive  courses  after  five  years.  These 
features  included  the  initial  total  Shwachman  score,  the  secular  period  of 
enrollment,  and  the  age  at  zero  time.  The  finding  that  the  initial  total 
Shwachman  score  was  not  related  to  subsequent  clinical  course  is  crucial 
to  this  study.  The  result  indicates  clearly  that  patients  destined  to 
deteriorate  fastest  are  not  necessarily  those  that  look  worse  at  enrollment. 
The  study  shows  that  clinical  features  such  as  organ  system  involvement  are 
much  more  powerful  indicators  of  subsequent  clinical  course. 

III.  Results  of  the  Ten  Year  Cohort 

To  re-emphasize  a  point  made  in  the  beginning  of  the  Results  section, 
the  "ten  year"  cohort  of  55  patients  is  distinct  from  the  "five  year"  cohort 
of  89  patients.  In  this  section  the  composition  of  the  ten  year  cohort  will 
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be  discussed  briefly  with  emphasis  on  distinctions  between  this  group  and 
the  five  year  cohort.  Results  obtained  from  analysis  of  the  ten  year  cohort 
shall  be  presented  as  well. 

A.  Description  of  the  Cohort 

Pertinent  demographic  characteristics  of  the  cohort  are  displayed  in 
Table  XI.  Females  outnumbered  males  (29  to  26)  whereas  in  the  five  year 
cohort  there  were  44  females  and  45  males.  The  distribution  of  ages  at 
zero  time  was  quite  similar  to  that  in  the  five  year  cohort. 

The  prevalence  of  co-morbidity  and  clubbing  at  zero  time  along  with 
iiiitiai  uiirottc  cuACure  results  are  displayed  in  Table  XII.  All  six  of  the 
patients  in  the  five  year  cohort  who  had  co-morbidity  were  enrolled  before 
1973  and  thus  were  included  in  the  ten  year  cohort  as  well.  Hence,  there 
is  proportionally  more  co-morbidity  in  the  ten  year  cohort.  The  proportion 
of  patients  with  actual  nailbed  swelling  (moderate  to  severe  clubbing)  is 
slightly  lower  in  the  ten  year  cohort  than  in  the  five  year  group.  The  same 
is  true  of  positive  cultures  for  pseudomonas  at  zero  time,  while  the 
proportion  of  patients  with  positive  cultures  for  staph  was  actually  higher 
in  the  ten  year  group.  In  general,  with  the  exception  of  co-morbidity,  the 
composition  of  the  two  cohorts  did  not  differ  substantially. 

Table  XIII  displays  the  symptoms  at  zero  time  in  the  ten  year  cohort. 
The  two  groups  were  similarly  composed  with  respect  to  respiratory  and 
gastrointestinal  symptoms.  The  representation  of  patients  ingroups  defined 
by  clusters  of  symptoms  was  similar  in  the  two  cohorts  as  well,  as  evidenced 
by  the  data  in  Table  XIV.  Table  XV  displays  the  interval  from  birth  to  the 
onset  of  respiratory  symptoms  for  the  patients  in  the  cohort  enrolled  before 
1973.  The  data  indicate  that  the  two  cohorts  were  similar,  with  minor 
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differences.  For  example,  22  of  55  (40%)  patients  in  the  ten  year  cohort 
reported  onset  of  respiratory  symptoms  before  one  year  of  age,  compared 
with  27  of  89  (30%)  of  the  five  year  cohort. 

B.  Profile  of  Clinical  Status  at  Follow-up 

Table  XVI  provides  a  profile  of  clinical  outcomes  for  the  ten  year 
cohort.  The  zero  time  scores  of  the  group  enrolled  before  1973  were  similar 
to  those  of  the  larger  cohort  (compare  with  Table  VI).  However,  after  ten 
years  of  follow-up,  the  number  of  patients  with  excellent  scores  decreased 
by  a  third,  while  14  patients,  or  a  quarter  of  the  cohort,  had  poor  or 
terminal  scores.  Five  of  these  represented  deaths.  The  ten  year  survival 
rate  was  91%.  The  extent  of  clinical  deterioration  is  also  indicated  in 
Table  XVI  which  shows  that  25  of  55  (45%)  patients  in  the  cohort  had  clinical 
deterioration  after  ten  year. 

IV .  Analysis 

A.  Clinical  Features  Associated  With  Distinctive  Clinical  Outcomes 
at  Ten  Year  Follow-up 

Analysis  of  gender  revealed  that  females  had  markedly  greater 
deterioration  in  scores  than  males  after  ten  years  of  follow-up  (Table  XVII- 
A).  While  the  result  is  not  statistically  significant  (P  =  .15)  the  trend 
is  impressive.  This  finding  that  females  deteriorate  at  around  ten  years 
after  diagnosis  is  consistent  with  previously  reported  data.  Table  XVII- 
B  reveals  that  positive  cultures  for  staph  aureus  were  associated  with 
significant  deterioration  in  clinical  status  after  ten  year  (X^  =4.9,  P  < 
.05).  Recall  that  in  the  five  year  cohort,  positive  cultures  for  staph 
were  neither  associated  with  distinct  zero  time  scores  nor  with  distinct 


five  year  follow-up  courses. 
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Clinical  Features  Associated  With  Distinctive  Outcomes  at  Zero 
Time  and  at  Ten  Year  Follow-up 

1.  Clubbing:  In  the  five  year  cohort,  clubbing  was  associated 
with  poor  zero  time  scores  but  not  with  distinctive  outcomes  after  five 
years  of  follow-up.  In  contrast,  the  data  in  Table  XVIII-A  suggest  that 
the  presence  of  clubbing,  especially  moderate  to  severe,  was  associated 
with  deterioration  in  scores  after  ten  years.  The  result  was  not 
statistically  significant  (X^  =  2.4,  P  =  .10).  Two  observations  cast  doubt 
on  the  importance  of  the  clinical  trend  noted.  First,  the  number  of  patients 
in  the  ten  year  cohort  is  small.  Furthermore,  comparison  with  Table  VII 
reveals  that  the  clubbed  patients  in  the  ten  year  cohort  are 
disproportionately  represented  by  patients  who  had  already  deteriorated  by 
five  years . 

2.  Organ  system  involvement:  The  ten  year  outcomes  of  patients 
stratified  by  organ  system  involvement  are  displayed  in  Table  XVIII.  The 
association  between  organ  system  involvement  and  ten  year  outcomes  was  not 
statistically  significant  (X^  =4.9;  P  =  0.18),  However,  the  clinical  trend 
is  impressive  and  is  similar  to  the  results  of  the  five  year  group.  Once 
again,  patients  with  steatorrhea  only  had  the  most  stable  courses,  with  ten 
of  14  (71%)  having  stable  outcomes  after  ten  years.  Patients  with  combined 
gastrointestinal  and  respiratory  disease  had  the  next  best  outcomes  with 
16  of  27  (59%)  stable  after  ten  years.  Patients  with  meconium  ileus  and 
those  with  isolated  respiratory  disease  at  zero  time  had  the  worst  ten  year 
courses,  with  only  around  30%  of  patients  in  each  group  stable.  It  should 
be  noted,  however,  that  the  size  of  both  groups  is  small.  As  was  noted  in 
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the  five  year  cohort,  the  presence  of  peritonitis  or  resection  had  no  bearing 
on  the  outcomes  of  patients  with  meconium  ileus. 

Multivariate  analysis  showed  that  the  impressive  though  not 
statistically  significantly  relationship  between  organ  system  involvement 
and  ten  year  course  remained  impressive  when  such  potentially  confounding 
factors  as  gender,  co-morbidity,  and  clubbing  were  entered  into  the  analysis. 

As  in  the  five  year  analysis,  we  have  sub-stratified  patients  in  the 
ten  year  cohort  who  presented  with  respiratory  disease.  The  data  reveal 
that  the  anatomic  site  of  pathology  did  not  differentiate  patients  in  the 
ten  year  cohort  into  prognostically  distinct  groups.  However,  it  should 
be  noted  that  the  cohort  includes  only  eight  patients  with  alveolar  disease. 
The  initial  chest  x-ray  score  had  no  bearing  on  the  clinical  course  after 
ten  years  of  follow-up.  In  contrast,  both  onset  of  respiratory  symptoms 
before  three  months  of  age  and  a  positive  initial  culture  for  staph  aureus 
were  associated  with  significantly  greater  deterioration  in  clinical  status 
after  ten  years. 

An  interesting  finding  emerges  when  patients  presenting  with 
respiratory  disease  are  stratified  by  gender.  Of  the  15  males  in  the  ten 
year  cohort  who  presented  with  respiratory  symptoms,  nine  (69%)  had  stable 
courses  after  ten  years.  In  contrast,  of  20  females,  only  nine  (45%)  had 
stable  ten  year  courses.  Hence,  females  with  respiratory  disease  had  more 
deterioration  over  ten  years  than  the  males.  While  the  numbers  are  not 
statistically  significant,  they  are  impressive.  This  pattern  was  not 
evidence  at  five  years  in  the  five  year  cohort.  The  result  is  consistent 
with  previously  reported  claims  that  females  deteriorate  faster  than  males 
in  the  teen  age  years. ^4 
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Another  result  also  aids  in  understanding  why  females  appeared  to  fare 
worse  than  males  in  the  cohort.  It  turns  out  that  ten  of  14  (71%)  patients 
presenting  with  steatorrhea  were  males.  Males  and  females  in  the  group 
fared  equally  well.  In  contrast,  20  of  30  (61%)  patients  with  respiratory 
disease  were  females.  While  females  with  respiratory  disease  clearly  did 
worse  than  males,  some  of  the  difference  in  outcome  between  males  and  females 
in  the  cohort  must  be  attributed  to  the  disproportionate  representation  of 
males  in  the  prognostically  favorable  group  with  steatorrhea  only. 

In  sum,  as  in  the  five  year  cohort,  three  groups  can  be  defined  with 
distinct  outcomes  after  ten  years.  Patients  with  steatorrhea  only  in  general 
do  well.  Patients  with  respiratory  disease  do  worse.  Subgroups  of  patients 
presenting  with  respiratory  disease  who  have  particularly  poor  outcomes 
include  females,  patients  with  positive  initial  cultures  for  staph  aureus, 
and  patients  with  early  onset  of  respiratory  disease.  These  results  differ 
from  those  obtained  at  five  years  in  the  five  year  cohort  in  that  a  positive 
culture  for  staph  and  female  gender  had  no  association  with  distinctive 
five  year  outcomes  in  the  five  year  cohort. 

3.  Clinical  features  not  associated  with  distinct  outcomes  at 
zero  time  nor  at  ten  year  follow-up:  The  age  at  zero  time  and  the  initial 
total  Shwachman  score  were  not  associated  with  distinctive  outcomes  at  ten 
years  of  follow-up.  Those  features  had  no  bearing  on  outcomes  in  the  five 
year  cohort  either.  Co-morbidity  was  not  associated  with  distinctive  ten 
year  outcomes,  although  in  the  five  year  cohort  co-morbidity  was  associated 
with  deterioration  in  clinical  course.  The  discrepancy  could  be  due  at 
least  in  part  to  the  small  number  of  patients  with  co-morbidity  (6)  in  the 
study. 
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TABLE  1 


Demographic  Characteristics  at  Zero  Time  (n=89) 


Gharact  er i st i c  N  (%) 

Gender 

Male  45  (51) 

Female  44  (49) 


Race 

White 

Black 

Hispanic 


87  (98) 

2  (2) 

0  (0) 


Number  of  Siblings  with  Cystic  Fibrosi s 


None 

One 

Two  or  more 


77 

9 

3 


(87) 

(10) 

(3) 


Age 


3  months 

23 

(26) 

3  to 

12  months 

19 

(21) 

1  to 

3  years 

23 

(26) 

3  to 

7  years 

15 

(17) 

7  to 

10  years 

4 

W 

10  years 

5 

(6) 

Secular  Period  of  Enrollment 


1966  -  1969 
1970  -  1972 
1973  -  1975 
1976  -  1978 


23  (26) 

22  (25 

24  (27) 

20  (22) 
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TABLE  2 

Select  Clinical  Features  at  Zero  Time  (N=89) 


Clinical  Feature 


N  i%) 


Co -morbidity 


None  83 

Prematurity  (4  weeks  pre-dates)  3 

Neonatal  Sepsis  (includes  one  3 

case  of  respiratory  distress  synd) 


Clubbing 


Absent 

69 

(77) 

Mild  (erythema) 

8 

(9) 

Moderate  to  severe 

12 

(14) 

(nail  bed  swelling) 


Results  of  Initial  Throat  Cultures  for  Staph  Aureus 


Not  Cultured 

Positive 

Negative 


2  (2) 

26  (29) 

61  (69) 


Results  of  Init ial  Throat  Cultures  for  Pseudomonas  Aeruginosa 


(2) 

(13) 

(85) 


Not  cultured 

Positive 

Negative 


2 

11 

76 
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TABLE  3 

Symptoms  at  Zero  Time  (N=89) 


Symptoms 

N 

M 

Respiratory 

Alveolar* 

17 

(19) 

Upper  aii^ay,  without  alveolar"*" 

32 

(36) 

None 

40 

(45) 

Gastrointestinal 

Meconium  ileus 

Without  resection  or  peritonitis 

9 

(10) 

With  resection  and/or  peritonitis 

5 

(6) 

Steatorrhea'^ 

65 

(73) 

None 

..  10 

(11) 

*  "Alveolar"  includes  history  of  two  or  more  episodes  of  pneumonia 
or  acute  pneumonitis  at  zero  time . 

"Upper  airway"  includes  history  of  chronic  cough,  wheezing,  or 
two  or  more  episodes  of  bronchitis . 

^  "Steatorrhea"  includes  bulky,  foul  smelling  stools;  rectal 
prolapse;  abdominal  pain;  and  constipation. 
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TABLE  4 

Clusters  of  Symptoms  at  Enrollment  (n=890 


Symptom  Cluster 

Family  history,  asymptomatic 
Meconium  ileus 
Steatorrhea 

Gastrointestinal  plus  Respiratory 
Respiratory  only 


Age  at  Zero  Time 


N 

M 

(months) 

2 

(2) 

14 

(16) 

2+1 

24 

(27) 

19  +  20 

41 

43  +  58 

8 

(9) 

73  +  64 
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TABLE  5 

Interval  from  Birth  to  the  Onset  of  Respiratory  Symptoms  (n=89) 


Interval 

N 

121 

0  to  C2)  months 

15 

(17) 

3  to  <12  months 

13 

(14) 

>  1  year 

21 

(24) 

No  respiratory  symptoms 
at  zero  time 

40 

(46) 
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TABLE  6 

Profile  of  Clinical  Outcomes  (1^=89) 


Total  Shwachman  Scores  at  Enrollment  and  at  Five  Year  Follow-up 


Time  Clinical  Status 

Excellent  Good  Fair  Poor  Terminal'^  Total 

Enrollment  3^  (3^%)  ^  {^9%)  7  (8^)  ^  9  {0%)  89 

Five  year  38  (43^)  35  (39^)  9  (10^)  2  {Z%)  5  {G%)  89 

follow-up 

*Five  terminal  patients  at  five  year  follow-up  included 
four  deaths 

Change  in  Clinical  Category  at  Five  Year  Follow-ups 

Follow-up  Stable-^  Deteriorating~^  Total 

Five  years  64  {72%)  23  (28^)  89 


*  Stable  refers  to  patients  whose  clinical  category  improved 
or  remained  the  same . 

Deteriorating  refers  to  patients  who  have  dropped  to  a  lower 
clinical  category. 
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Clinical  Features  Associated  with  Distinctive  Outcomes  at 

Zero  Time  but  not  with  Distinctive  Changes  in  Clinical  Category  (N=89) 


Clubbing 


Clubbing  Clinical  Status  at  Zero  Time 


Status 

Excellent  Good 

Absent 

31 

{Wo) 

31  (45%) 

Mild 

1 

7  (88%) 

Modeirate  to 

2 

(17%) 

6  (50%) 

Severe 

Totals 

34 

om 

44  (49%) 

Clubbing 

Five 

Status 

Stable 

Absent 

51 

{7Wo) 

Mild 

5 

(63%) 

Moderate  to 

8 

(67%) 

Severe 

Totals 

64 

(72%) 

Fair  Poor  Terminal  Totals 

6  {%)  1  {!%)  0  [Qffo)  69 

0  {Qffo)  0  {0%)  0  (0^)  8 

1  W)  3  [25%)  0  (0^)  12 

7  {Q%)  4  {k%)  0  (0%)  89 


Year  Status 
Deteriorating 

Totals 

18 

(26%) 

69 

3 

(37%) 

8 

4 

(33^) 

12 

25 

(28%) 

89 

Pseudomonas  Culture  Results 


Culture 

Status 


Clinical 

Excellent  Good 


Status  at  Zero  Time 

Fair  Poor  Terminal 


Totals 


Not  cultured  0 
Positive  1 
Negative  33 

Totals  34 


{Ofo)  2  (100^) 
{%)  7  (6^) 
(43^)  35  (46^) 

(38^)  44  (49%) 


0  {Qffo)  0  {Qffo) 

1  (9%)  2  (18%) 

6  {Wo)  2  (3%) 

7  (8%)  4  {Wo) 


0  {Qffo)  2 

0  (0%)  11 

0  {Wo)  76 

0  {Qffo)  89 


Culture 

Status 


Five  Year  Status 
Stable  Deteriorating 


Totals 


Not  Cultured 

Positive 

Negative 


2  (100%) 

0  (0%) 

2 

7  iWo) 

4  06%) 

11 

55  (72%) 

21  (28%) 

76 

64  (72%) 

25  (28%) 

89 

Totals 
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TABLE  8 


Clinical  Features  Associated  with  Distinctive  Changes 
in  Clinical  Category  after  Five  Years,  but  not  with 
Distinctive  Zero  Time  Outcomes  (jj=89) 

Co -morbidity 


Co -morbid 
Status 


Excellent 


Clinical  Status  at  Zero  Time 

Good  Fair  Poor  Terminal  Totals 


Co-morbidity  2  (3^)  3  (50^) 

Present 

Co -morbidity  32  (39%)  41  (49%) 
Absent 

Totals  3k  (38%)  44  (ij9%) 


1  (17%) 

0 

(Of.) 

0  W) 

6 

6  (7%) 

4 

{%) 

0  (0^) 

83 

7  (8%} 

4 

(W 

0  (0%) 

89 

Co -morbid 

Status 


Five 

Stable 


Year  Status 

Deteriorating 


Totals 


Co -morbidity 
Present 
Co -morbidity 
Absent 
Totals 


3 

Wo) 

3 

{5%) 

6 

61 

{7J%) 

22 

{27%) 

83 

64 

(72fo) 

25 

{2%) 

89 
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Clinical  Features  Associated  with  Distinctive  Outcomes 
Both  at  Zero  Time  and  at  Five  Year  Follow-up  (N  =  8?) 


A.  Organ  System  Involvement 


Organ 

Clinical 

Status  at  Zero  Time 

System 

Excellent 

Good 

Fair 

Poor  Terminal 

Tota! 

Steatorrhea 

11 

11 

2  (8%) 

0  (0%) 

0  {c%) 

14 

G astro intest 

9 

(22%) 

24  (59%) 

4  (10^) 

4  (10%) 

0  (c%) 

41 

and  Respir 

Meconium 

7 

(50%) 

6  (4») 

1  (7%) 

0  {c%) 

0  (c%) 

14 

ileus 

Respiratory 

5 

(62%) 

3  (38%) 

0  {C%) 

0  (0%) 

0  (c%) 

8 

alone 

Totals 

32 

(37%) 

44  (51%) 

7  (8%) 

4  (5%) 

0  (0%) 

87 

Organ 

System 

Stable 

Five  Year  Status 
Deteriorating 

Totals 

Deaths 

Steatorrhea 

22 

(92%) 

2 

(8%)  , 

14 

1 

Gastro intest 

29 

(71%) 

12 

(29%) 

41 

2 

and  Respir 

Meconium 

9 

Wo) 

5 

(36%) 

14 

1 

ileus 

Respiratory 

4 

(5C%) 

4 

{50fo) 

8 

1 

alone 

Totals 

64 

(73%) 

23 

(26%) 

87 

4 

Site  of  Respiratory  Disease 

Site 

Stable 

Five  Year  Status 
Deteriorating 

Totals 

Alveolar 

9  (53%) 

8  (47%) 

17 

Upper  Airway 

24  (75%) 

8  (25%) 

32 

33  (6?^)  16  (33%)  49 


Totals 
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TABLE  9,  continued 


G.  Initial  Chest  X-Ray  Score 

Score 


Clinical  Status  at  Zero  Time 
Excellent  Good  Fair  Poor  Tei^inal  Totals 


27 

22 

49 


less  than  or 

2  (7%)  17  {63%)  4  (15^)  4 

(15%)  0  (0%) 

=21 

greater  than 

12  {55%)  10  (45^)  0  {0%)  0 

{0%)  0  W) 

21 

Totals 

14  {29%)  27 

{55%)  4  (8^)  4  (8r.)  0  (0« 

Five 

Year  Status 

Score 

Stable 

Deteriorating 

Totals 

less  than 

18  (67^) 

9  (33^) 

27 

or  -21 

greater  ,  , 

15  (68^) 

7  02%) 

22 

than  21 

Totals 

33  {(>7%) 

16  0J%) 

49 

Interval  from  Birth  to  the  Onset  of  Respiratory  Symptoms 

Five 

Year  Status 

Interval 

Stable 

Deteriorating 

totals 

less  than 

8  (53^) 

7  (47^) 

15 

-3-.  months 

greater  than 

24  {7^0) 

9  (27^) 

33 

or  -  3  months 

Totals 

32  {67%) 

16  (33^) 

48 

Results  of  Initial  Cultures  for  Staph  Aureus 

five  Year  Status 

Results 

Stable 

Deteriorating 

Totals 

Positive 

11  {65%) 

6  05%) 

17 

Negative 

22  (69^) 

10  (3W) 

32 

Totals 

33  (67%) 

16  (33^) 

49 
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TABLE  9,  continued 


F.  Association  Between  Or^an  System  Involvement  and  Changes  in 
Activity  Category  over  Five  Years  (N  =  8?) 


Organ 

Five 

!  Year 

■  Activity 

Status 

System 

Stable 

Deteriorating 

Total 

Steatorrhea 

23 

(96^) 

1 

{Wo) 

24 

Gastro intest 

32 

{7m 

9 

{22%) 

41 

and  Respir 

Meconium 

10 

{71%) 

4 

{2$%) 

14 

ileus 

Respiratory 

4 

{50%) 

4 

{50%) 

8 

alone 

Totals 

69 

{79%) 

18 

{21%) 

8? 

Stables  Activity  category  improves  or  remains  the  same. 

Deteriorating;  Activity  category  worsens  over  the  interval  of  follow-up. 

Activity  Categories;  Excellent  =  24-25 »  Good  =  21-23;  Fair  =  16-20; 

Poor  =  less  than  16. 


'JUfSffiiml  ."ti-aa  SfaSi  -irtf  J  jjg 

••  141  •vi^  mcji  \iiviioA 


.;  ‘•-V  ■  a«7 

riAjjiO 

:>!'  ;  ‘ 

cs 

T'-  ) 

'^v; 

iC 

’‘ii*?T!i,ajiRj»0 
t?(pu>i  t)a» 

:;•  '  :■ 

•?*  ’  * 

c» ; 

nuixjo^^K 

atmXi 

‘^'■^  .  ■' 

4; 

KtictjPT.Uicatl 

ftaCiX^ 

>J-,< ,  -  i 

JIVv) 

9o 

» oT 

^/vovsqfit  X^ua^m 

-to  A 

'  inrtfi'rcv  ^acni»4io  tr' 

I  ?  <  ^is  'O  1  U#1 1'Mldf  I  AftiVOMO  r  .♦  i  V  :  iok 

f  'VA(H.<  iit»«*f  *  ’Xt^a^ 


TABLE  10 


68 


Clinical  Features  Neither  Associated  With  Distinctive  Zero 
Time  Scores  nor  With  Distinctive  Ighianges  in  Clinical 
Category  after  Five  Years (n  =  89^ 


A.  Secular  period  of  enrollment 

Secular  Clinical  Status  at  Zero  Time 


Period 

Excellent 

Good 

Fair 

Poor  Terminal 

Total 

1966-72 

19  (42^)  22  (49%) 

2  W) 

2  {l4%)  0  (0%) 

45 

1973-78 

15  {3W  22  (5«) 

5  (11^) 

2  (5%)  0  («) 

Totals 

34  (38%)  44  (49%) 

7  (8^) 

4  (^)  0  (0%) 

89 

Secular 

Period 

Stable 

Five  Year  Status 
Deteriorating 

Totals 

1966-72 

31  (69%) 

14 

(3W) 

45 

1973-78 

33  (75%) 

11 

(25^) 

44 

Totals 

64  (72%) 

25 

(28^) 

89 

Age  at  Zero  Time 

Age 

Excellent 

Clinical  Status 
Good  Fair 

at  Zero  Time 

Poor  Terminal 

Total 

^  3  months 

12  (52^)  10  (43^) 

1  (W) 

0  (0%)  0  (0%) 

23 

73  -  12  mon. 

8  (42%) 

6  (32%) 

4  (21%) 

1  i5%)  0  (0%) 

19 

712-36  mon. 

6  (26%)  17  (7^) 

0  (0^) 

0  (0%)  0  (0%) 

23 

7  36  months 

8  (33^)  11  (Wo) 

2  (8%) 

3  (12%)  0  (0%) 

24 

Totals 

34  (38%)  4^  (49%) 

7  (8%) 

4  (^)  0  (0%) 

89 

Stable 

Five  Year  Status 
Deteriorating 

Totals 

^  3  months 

14  (61%) 

9 

(39%) 

23 

>  3-12  months 

13  (68^) 

6 

{32fo) 

19 

7  12-36  months  20  (87%) 

3 

(«) 

23 

Z  36  months 

17  (71%) 

7 

(2«) 

Totals 

64  (72%) 

25 

(28^) 

89 
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G .  Initial  Total  Shwachman  Score 


Five  Year  Status 


Score  Stable 

90  -  100  (excellent)  20  (59%) 

80  -  89  (good)  35  (79%) 

79  (fair,  poor)  9  (82%) 

Deteriorating 

14  (41%) 

9  (21%) 

2  (18%) 

Totals 

34 

44 

11 

Totals 

64 

(72%) 

25 

(2^) 

89 

D  =  Gender 

Clinical  Status  at  Zero  Time 

Gender 

Excellent 

Good 

Fair 

Poor 

Terminal 

Totals 

Male 

17  om) 

21  (47%) 

4  (9%) 

3  (7%) 

0  (0%) 

45 

Female 

17  (3«) 

23  (52%) 

3  (7%) 

1  (2%) 

0  (c%) 

44 

Totals 

34  (38^) 

44  (49%) 

7  (8%) 

4  (4%) 

0  (0%) 

89 

Five  Year  Status 

Gender 

Stable 

Deteriorating 

Totals 

Male 

33  (73^) 

12  (27%) 

45 

Female 

31  (70^) 

13  (3«) 

44 

Totals 

64  (72%) 

25  (28^) 

89 

E.  Staph  Aureus 

Results 

Culture 

Clinical  Status  at  Zero  Time 

Status  • 

Excellent 

Good 

Fair 

Poor 

Terminal 

Totals 

Not  cultured 

0  (0  %) 

2  (100%) 

0  (0  %> 

0  (0%) 

0  (c%) 

2- 

Positive 

9  (33«) 

12  (46%) 

4  (15%) 

1  w) 

0  (0%) 

26 

Negative 

23  (41%) 

30  (49%) 

3  (») 

UM 

0  (m 

6l 

Totals 

34  (38^) 

44  (49%) 

7  (8%) 

4  (^) 

0  {£%} 

89 

Culture 

Five 

!  Year  Status 

Status 

Stable 

Deteriorating 

Totals 

Not  cultured 

2  flOC^) 

0  (0% 

5  ) 

2 

Positive 

19  (73^) 

7  (27%) 

26 

Negative 

43  (70fa) 

18  (30%) 

§1 

Totals 

64  (72%) 

25  (28%) 

89 
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TABLE  11 

Demographic  Features  at  Zero  Time  (N=55) 


Feature 

N 

M 

Gender 

Male 

26 

(^7) 

Female 

.  29 

(53) 

Age 

^  3  months 

13 

(24) 

3  to  <-12  months 

13 

(24) 

1  to  <  3  years 

15 

(27) 

3  to  2^  7  years 

9 

(16) 

7  to  <10  years 

3 

(5) 

^10  years 

2 

(4) 
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Select  Clinical  Features  at  Zero  Time  (N=55) 


Feature  N 

Go -morbidity 

None  49 

Prematurity  (4  weeks  pre-dates)  3 

Neonatal  Sepsis  (includes  one  case  3 

respiratory  distress  syndrome) 


M 


Clubbing 


Absent 

Mild  (erythema) 
Moderate  to  Severe 
(nailbed  swelling) 


45  (82) 

5  (9) 

5  (9) 


Results  of  Initial  Throat  Cultures  for  Staph  Aureus 


Not  cialtured 

Positive 

Negative 


1  (2) 

18  (33) 

36  (65) 


Results  of  Initial  Throat  Cultures  for  Pseudomonas 


Not  Cultured 

Positive 

Negative 


1 

5 

49 


(2) 

(10 

(89 
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Symptoms  at  Zero  Time  (n=55) 


Symptom 

N 

M 

Respiratory 

Alveolar 

8 

(15) 

Upper  Airway 

25 

(46) 

None 

22 

(40) 

Gastro intest inal 
Meconium  ileus 

Without  resection  or  peritonitis  3  (5) 

With  resection  or  peritonitis  4  (?) 

Steatorrhea  4l  (7^) 

7  (13) 


None 
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TABLE  14 

Clusters  of  Symptoms  at  Zero  Time  (N=55) 


Symptom  Cluster 

N 

M 

Family  history,  asymptomatic 

1 

(2) 

Meconium  ileus 

7 

(13) 

Steatoinrhea 

14 

(25) 

Gastrointestinal  and  Respiratory 

27 

(48) 

Respiratory  only 

6 

(11) 
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TABLE  15 

Interval  from  Birth  to  the  Onset  of  Respiratory  Sympto  ms 

(H=55) 


Interval 

N 

0  to  <3  months 

12 

(22) 

3  to  <12  months 

10 

(18) 

> 1  year 

10 

(18) 

No  respiratory  symptoms  at 
zero  time 

23 

(42) 
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Profile  of  Clinical  Outcomes  (N  “  55) 


Total  Shwachman  Scores 

Clinical  Status 


Period 

Excellent 

Good 

Fair 

Poor 

Terminal 

Total 

Zero  Time 

23  (42^) 

26  (47^) 

4  W) 

2  (^) 

0  (0^) 

55 

Ten  Years 

16  (29^) 

19  (35^) 

6  (11%) 

6  (11%) 

8  (15^)* 

55 

*  8  terminal  patients  include  5  deaths 

Change  in  Clinical  Category  at  Ten  Year  Follow-up 
Period  Stable  Deteriorating  Totals 


Ten  years 


30  {5%) 


25  (45^) 


55 
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Gender 

Gender 

Male 

Female 

Totals 

Results  of 

Culture 

Result 

Positive 

Negative 

Totals 


TABLE  17 


Clinical  Features  Associated  with  Distactive 
Clinical  Outcomes  at  Ten  Year  Follow-up  lo'N^55) 


Stable 

Ten  Year  Status 
Deteriorating 

Totals 

17 

(65^) 

9 

(3^) 

26 

13 

M) 

16 

(.55%) 

30 

(55%) 

25 

Mo) 

55 

initial 

cultures 

for  staph  aureus 

Stable 

Ten  Year  Status 
Deteriorating 

Totals 

7 

(3W) 

11  (61^) 

18 

22 

(61^) 

l'^  (3W) 

36 

29 

{55%) 

25  {Wo) 

54* * 

*  one  not  cultured 
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Clinical  Features  Associated  with  Distinctive  Outcomes  at  Zero 
Time  and  at  Ten  Year  Follow-up  (n  =  33) 


A.  Glubhing 
Clubbing 

Status  Stable 


Absent 

27 

(60^) 

Mild 

2 

(W) 

Moderate  to 

Severe 

1 

W) 

Totals 

30 

(5%) 

B.  Organ  System  Involvement 

Organ  ■  ' — 

System 

Stable 

Steatorrhea 

10 

{71%) 

Castro intest 
and  Resp 

16 

(5%) 

Meconium  ileus 

2 

(29%) 

Respiratory  alone 

2 

(33%) 

Totals 

30 

(56^) 

*  one  in  the  family  history, 

G.Site  of  Respiratory  Disease 

Site 

Stable 

Alveolar 

4 

(50%) 

Upper  Airway 

14 

(56%) 

18  (53fo) 


Ten  Year  Status 


Deteriorating  Totals 


18 

(40%) 

45 

3 

(60%) 

5 

4 

(80%) 

5 

25 

(45^) 

55 

Ten  Year  Status 

Deteriorating 

Totals 

(71^) 

11 

(41^) 

27 

5 

(71%) 

7 

4 

(67%) 

6 

24 

(44%) 

54* 

asymptomatic 

group 

Ten  Year  Status 

Deteriorating 

Totals 

4 

(50%) 

8 

11 

(44%) 

15 

(^5%) 

33 

Totals 
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TABLE  18,  continued 


D.  Initial  Chest  X-Ray  Score 

Ten  Year  Status 

Score 

Stable 

Deteriorating 

Totals 

less  than  or  *  21 

8  {57%) 

6  (1*3%) 

14 

greater  than  21 

10  (53^) 

9  (^7%) 

19 

Totals 

18  {55%) 

15  {Wo) 

33 

E.  Results  of  Initial  Culture  for 

Staph  aureus 

Culture 

Ten  Year  Status 

Result 

Stable 

Deteriorating 

Totals 

Positive 

3  (25%) 

9  (75^) 

12 

Negative 

15  (72%) 

6  (28^) 

21 

Totals 

18  {55%) 

15  (45^) 

33 

F .  Inteival  Between 

Biorth  and  the 

Onset  of  Respiratory  Symptoms 

Interval 

Stable 

Deteriorating 

Totals 

less  than  3  nio. 

(33^) 

8  (6?^)) 

12 

greater  than  or 

14  {67%) 

7  (33^) 

21 

*  3  nio . 

Totals 

18  ■  {55%) 

15  (45^) 

33 

G .  Gender 

Ten  Year  Status 

Gender 

Stable 

Deteriorating 

Totals 

Male 

9  {69%) 

4  (31%) 

13 

Female 

9  (45^) 

11  {55%>) 

20 

Totals 

18  (55^) 

15  (45^) 

33 
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TABLE  19 


Clinical  Features  not  Associated  with  Distinctive 
Outcomes  at  Zero  Time  nor  at  Ten  Year  Follow-up  (N*55) 


Age  at  Zero  Time 

Age 

Stable 

Ten  Year  Status 
Deteriorating 

Totals 

<  3  months 

4 

(3W) 

9 

(.69%) 

13 

>  3  to  12  months 

7 

(5^) 

6 

(46%) 

13 

.^12  to  36  months 

12 

(80^) 

3 

(20%) 

15 

>  36  months 

7 

(50^) 

7 

(50%) 

14 

Totals 

30 

(55%) 

25 

W) 

55 

Initial  Total  Shwachman  Score 

Ten  Year  Status 

Score  Stable  Deteriorating  totals 


90  -  100 

10 

(43%) 

13  (52%) 

23 

80  -  89 

16 

{61%) 

10  (39%) 

26 

£  79 

4 

(67%) 

2  (33^) 

6 

Totals 

30 

(5%) 

25  (45%) 

55 

Go -morbidity 

• 

Ten  Year  Status 

Go -morbid  Status 

Stable 

Deteriorating 

Totals 

Go -morbidity  present 

3  (50%) 

3  (50%) 

6 

Go -morbidity  absent 

27  (5«) 

22  (45%) 

Totals 

30  (5%) 

25  {^5%) 

55 
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DISCUSSION 


This  concluding  chapter  is  divided  into  three  sections.  First,  major 
findings  of  the  study  will  be  discussed  with  emphasis  on  the  concordance 
of  our  results  with  previously  reported  data.  It  should  be  emphasized  that 
ours  is  the  first  study  of  the  clinical  features  of  presentation  to  focus 
on  morbidity  outcomes.  Other  series  have  considered  only  mortality.  While 
it  is  informative  to  check  our  morbidity  data  against  previously  noted 
mortality  trends  it  should  be  recognized  that  these  two  outcomes  are 
distinct.  The  second  section  of  this  chapter  will  discuss  implications  of 
our  findings  for  clinical  management  and  research.  Finally,  new  direction 
will  be  suggested  for  future  research  on  the  associations  between  clinical 
features  of  presentation  and  subsequent  outcomes. 

I.  Major  Findings 
A.  Descriptive  Data 

The  patients  entered  into  the  study  were  generally  similar  in 
demographic  and  clinical  features  to  those  followed  by  other  investigators. 
However,  it  should  be  noted  that  no  other  authors  have  examined  several  of 
the  zero  time  features  considered  in  this  study  such  as  clubbing,  co¬ 
morbidity,  and  initial  throat  culture  results.  Only  two  other  aaLuor*  uaVe 
subgrouped  patients  according  to  organ  system  involvement  (Kraemer  et  al.^ 
who  studied  204  patients  in  Berne,  Switzerland,  and  Gurwitz  et  al.^O  who 
studied  734  patients  followed  in  Toronto).  In  general,  the  distribution 
of  patients  in  these  studies  into  groups  defined  by  organ  system  was  similar 
to  the  distribution  in  the  present  study.  There  were  a  few  differences 
which  merit  discussion.  Kraemer  et  al,  reported  that  7%  of  patients  belonged 
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in  the  "family  history"  category,  while  the  present  study  included  just  two 
patients  (2%)  in  the  "family  history,  asymptomatic"  group.  As  discussed 
in  the  Methods  sections,  our  criteria  for  classification  of  patients  was 
based  on  symptom  status  at  zero  time.  Hence,  we  included  under  "family 
history,  asymptomatic"  only  those  patients  truly  found  to  have  no  symptoms. 
In  contrast,  while  the  Kraemer  study  also  purports  to  focus  on  symptom 
status  at  presentation,  their  classification  is  based  on  the  stimulus  for 
diagnosis  the  family  history  — ■  without  regard  for  actual  symptom  status 
of  patients  in  this  group.  We  considered  performing  a  separate  analysis 
of  the  prognostic  significance  of  various  diagnostropic  stimuli,  but  were 
unable  to  assemble  sufficiently  reliable  data. 

The  distribution  of  males  and  females  into  groups  defined  by  organ 
system  involvement  also  differed  considerably  in  our  group  from  previously 
reported  findings.  Gurwitz  et  al.  reported  on  734  patients  and  found  that 
the  numbers  of  males  and  females  in  groups  defined  by  organ  system  were 
roughly  equal.  Specifically,  among  121  patients  presenting  with  steatorrhea 
only,  52%  were  male.  Also,  52%  of  515  patients  with  respiratory  disease 
(either  isolated  or  occurring  with  steatorrhea  at  zero  time)  were  male.  In 
contrast,  we  found  that  of  24  patients  in  the  five  year  group  presenting 
witn  steatorrhea  5b%  were  male.  Also,  of  49  patients  in  our  overall  cohort 
presenting  with  respiratory  disease,  just  41%  were  male.  Hence,  in  our 
study,  the  most  prognostically  favorable  group  (steatorrhea  alone)  was 
disproportionately  represented  by  males,  and  the  least  prognostically 
favorable  groups  (respiratory  disease)  were  disproportionately  represented 
by  females.  Because  our  cohort  is  much  smaller  than  the  Gurwitz  series,  it 
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is  possible  that  our  results  could  represent  sampling  artifact  rather  than 
a  true  clinical  distinction, 

A  final  area  in  which  our  cohort  differed  from  previously  reported 
groups  was  the  age  at  presentation.  Kraemer  et  al.  report  that  patients 
with  isolated  respiratory  disease  had  an  average  age  of  21  months  at 
presentatiou,  auu  tuuoe  wicu  comoinea  respiratory  and  gastrointestinal 
disease  an  average  of  27  months.  Corresponding  values  for  our  study  were 
73  (+  64)  months  for  isolated  respiratory  symptoms  and  43  (+  58  months)  for 
combined  respiratory  disease  and  steatorrhea.  Several  reasons  can  be  offered 
to  explain  these  differences.  It  is  possible  that  the  earlier  age  of 
diagnosis  in  the  Kraemer  series  reflects  heightened  suspicion  of  CF  on  the 
part  of  physicians.  This  is  unlikely  in  view  of  the  fact  that  the  Kraemer 
study  includes  patients  diagnosed  in  the  1950* s  when  the  level  of  clinical 
suspicion  of  cystic  fibrosis  was  probably  lower.  The  difference  could  also 
be  due  to  different  biologic  behavior  of  the  diseases  in  Europe  than  in  the 
U.S.  No  data  exist  to  support  this  hypothesis.  More  likely,  our  series 
includes  patients  whose  symptoms  did  not  become  severe  enough  to  raise  the 
suspicion  of  CF  until  a  relatively  late  age.  These  patients  might  have 
been  missed  at  an  earlier  secular  period  when  the  disease  was  regarded  as 
more  homogeneous  in  expression,  with  symptoms  appearing  in  infancy.  The 
significance  of  late  manifestations  of  CF  has  been  discussed  in  the 
literature,^  but  remains  poorly  understood.  The  patients  could  represent 
a  milder  variant  of  CF  with  the  manifestations  remaining  subclinical  until 
relatively  late.  Alternatively,  these  patients  could  have  a  variant  which 
is  no  less  severe  than  usual  but  is  expressed  in  later  years. 
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B.  Mortality  Data 

The  survival  in  the  five  year  cohort  was  96%;  in  the  ten  year  cohort, 
survival  was  91%.  These  figures  are  comparable  to  survival  data  reported 
by  the  Cystic  Fibrosis  Foundation.^  It  is  striking  that  three  out  of  four 
deaths  in  the  five  year  group  and  four  out  of  five  in  the  ten  year  group 
occurred  in  patients  presenting  with  respiratory  disease.  I"  fact,  the  on#» 
death  in  the  five  year  cohort  occurring  in  a  patient  without  respirator- 
disease  (he  had  meconium  ileus)  was  not  primarily  due  to  CF.  This  patient 
had  an  "excellent"  total  Shwachman  score  just  before  death.  None  of  the 
patients  presenting  with  steatorrhea  alone  died.  All  but  one  of  the  deaths 
of  patients  presenting  with  respiratory  disease  occurred  in  females.  There 
was  no  distinctive  pattern  in  the  ages  at  diagnosis  of  patients  who  died. 
These  data  are  consistent  with  the  conclusions  of  Kraemer  et  al.^  that 
steatorrhea  alone  is  associated  with  the  highest  five  and  ten  year  survival 
rates,  and  that  the  presence  of  respiratory  disease  at  presentation  is 
associated  with  lower  survival  rates. 

C.  Morbidity  Data 

This  study  focused  primarily  on  morbidity,  both  because  death  was  an 
infrequent  outcome  event  in  our  cohorts  and  because  we  felt  chan^^es  iu 
clinical  status  short  of  death  are  critical  for  patient  management  and 
germane  to  clinical  research.  Major  findings  are  discussed  below: 

1.  Clinical  features  associated  with  poor  zero  time  scores:  These 
included  positive  culture  for  pseudomonas  and  the  presence  of  clubbing. 
Our  results  are  consistent  with  generally  accepted  descriptions  of  the 
progression  of  CF^  in  which  clubbing  and  pseudomonas  colonization  are  felt 
to  occur  initially  in  patients  with  relatively  poor  overall  status. 
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Interestingly,  the  patients  with  clubbing  and  pseudomonas  colonization  at 
zero  time  do  not  deteriorate  in  clinical  status  any  faster  than  the  rate 
of  the  cohort  as  a  whole.  This  observation  indicates  that  clinical  markers 
of  advanced  disease  do  not  necessarily  signal  impending  deterioration. 

2o  Organ  system  involvement:  The  association  between  organ  system 
involvement  and  subsequent  outcomes  was  statistically  significant  in  the 
five  year  group  and  impressive  though  not  significant  in  the  ten  year  group. 
Multivariate  analysis  revealed  that  even  when  such  factors  as  gender,  co- 
morbidity,  and  the  presence  of  clubbing  were  held  constant,  organ  system 
involvement  continued  to  be  strongly  associated  with  distinct  outcomes. 
This  is  perhaps  our  most  important  finding.  It  affirms  the  basic  hypothesis 
of  the  study;  That  patients  can  indeed  be  separated  into  prognostically 
distinct  groups  based  on  clinical  features  at  presentation.  Results  of 
each  of  the  groups  will  be  discussed  below. 

a).  Meconium  ileus:  The  morbidity  of  patients  with  meconium 
ileus  were  typical  of  the  entire  cohort  both  at  zero  time  and  at  five  years. 
In  contrast,  several  series,  including  the  Kraemer  study,  report  that 
meconium  ileus  was  associated  with  the  worst  prognosis  in  terms  of 
mortality.^  Several  reasons  explain  the  better  outcomes  of  patients  with 
meconium  ileus  in  our  series.  First,  other  investigators,  including  Kraemer 
et  al.,  include  only  patients  requiring  surgery  in  their  meconium  ileus 
group,  categorizing  patients  with  meconium  ileus  relieved  by  gastrograf f in 
enema  as  "gastrointestinal".  Since  the  bulk  of  mortality  is  due  to  surgery, 
the  Kraemer  criteria  select  for  a  group  more  likely  to  have  poor  outcomes. 
We  feel  our  classification  is  preferable  because  it  is  based  on  the  actual 
presence  or  absence  of  intestinal  obstruction  rather  than  the  success  of  a 
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particular  therapeutic  maneuver,  the  gastrograf f in  enema.  Meconium  ileus 
also  had  a  more  favorable  prognosis  in  our  series  in  part  because  we  did 
not  include  patients  who  died  in  infancy  of  small  bowel  obstruction,  thus 
never  enrolling  in  the  Yale  clinic.  This  unavoidable  exclusion  probably 
also  explains  why  patients  with  resection  or  peritonitis  did  uot  uo 
especially  poorly  in  our  series.  Dire  sequelae  of  these  complication 
probably  result  in  death  before  patients  are  enrolled  in  the  clinic.  More 
recent  series  have  reported  that  patients  with  meconium  ileus  have  similar 
courses  to  those  with  normal  births.  Authors  have  attributed  the  improved 
outcomes  over  the  last  15  years  to  improvements  in  operative  techniques, 
life  support,  and  management. ^  Hence,  the  Kraemer  series,  which  included 
patients  enrolled  in  the  1950' s,  spans  prognostically  distinct  secular 
intervals . 

b).  Steatorrhea:  In  both  the  five  and  ten  year  cohorts,  patients 
presenting  solely  with  steatorrhea  (or  related  problems  such  as  rectal 
prolapse)  had  considerably  less  morbidity  than  the  rest  of  the  cohort.  Our 
results  for  morbidity  are  consistent  with  the  finding  of  Kraemer  et  al.  in 
which  patients  with  steatorrhea  had  the  lowest  mortality  at  five  and  ten 
year  follow-up.  These  results  are  also  consistent  with  a  widely  accepted 
understanding  of  the  significance  of  involvement  of  different  organ 
systems.^  Gastrointestinal  disease  can  be  ameliorated  with  pancreatic 
enzymes  and  does  not  contribute  to  mortality  or  significant  morbidity. 
Patients  presenting  with  steatorrhea  are  treated  with  enz3rmes  and  become 
virtually  asymptomatic  until  the  onset  of  respiratory  disease.  Respiratory 
involvement,  in  contrast,  progresses  insidiously  despite  therapy.  Hence, 
patients  presenting  with  steatorrhea  in  a  sense  "wave  a  red  flag",  signalling 
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their  diagnosis  at  a  stage  in  their  disease  at  which  they  do  not  have 
clinically  apparent  lung  involvement.  Whether  the  respiratory  disease  that 
ultimately  develops  in  these  patients  is  as  severe  as  in  patients  initially 
presenting  with  respiratory  symptoms  is  beyond  the  scope  of  this  study. 

c;.  Kespiratory  disease:  In  general,  patients  with  respiratory 
disease  had  poor  outcomes  at  follow-up  intervals.  We  suspected  this  group 
to  be  heterogeneous  with  respect  to  prognosis,  and  therefore  attempted  to 
identify  those  clinical  features  associated  with  particularly  poor  outcomes 
in  patients  presenting  with  respiratory  disease. 

1) .  Combined  respiratory  and  gastrointestinal  disease:  Our 
data  suggest  that  the  presence  of  gastrointestinal  disease  is  associated 
with  a  better  prognosis  than  respiratory  disease  alone.  This  finding  is 
consistent  with  the  "protective"  effect  of  gastrointestinal  disease  noted 
by  Kraemer  et  al.  However,  there  were  few  patients  in  our  cohorts  with 
isolated  respiratory  disease.  Our  results  must  therefore  be  interpreted 
cautiously. 

2) .  Alveolar  disease:  Patients  presenting  with  alveolar 
disease  had  especially  poor  outcomes  after  five  years  of  follow-up.  The 
anatomic  site  of  disease  has  not  been  considered  in  previous  studies.  This 
trend  was  not  observed  at  ten  year  follow-up;  however,  the  number  of  patients 
with  alveolar  disease  in  the  ten  year  group  was  small. 

3) .  Onset  of  disease  in  the  perinatal  period:  Patients  with 
appearance  of  respiratory  symptoms  by  three  months  of  age  had  especially 
poor  outcomes  at  five  and  ten  years.  Our  data  support  the  hypothesis  that 
onset  of  respiratory  symptoms  early  in  infancy  heralds  an  aggressive  course. 


•*;<  .toti  3%  tildii  Iti  •^U‘^'31*  »  .<  •  lloilS 

-  L  >.»«««  lb  i<5f*S>T  Trtr!J»l*W  .  Jtra^jrrlttvtti  rj  |  2i 

Xi’*i7<Bi  •3iTw:i*q  cl  f)||.v««  •«  -J  ;-  i  tjaailllu 

•i.i^  lO  9^03*  bdj  bOf»X*<l  .»X' J-'T’**  r-  «  Iv  ^  t  :  ?>5  fliX*  Jit  i  MtrbC  91l<] 

^•;  '  - tl);**  •ifl#ii3cq  ,  f  ;>1  :»§»'*'<  « ‘,:j» 

y 

if'vi,  ,_i,U  .-X3  ^  .tltr-in*')  i  ir: '  i_' *  i,  *t<VMgi  tbd  %«A9*ib 

• .  '  '•r:p3i*tj*  3-ro1»3^*<3  b!d»  »  « i  9iv*  ^  J?ri»  *i^i.9#ifk}o  i,’ 

t-r-,.  -j^ro  looi  rf  11*1  o9i3tbi«  rfji-w  i  *•>••  iiJI  4*^,3 

r  QBs***  r}*^i  iijrw  '*i09i:ijpq  fii 

>r>!  TTC.1  ‘  «-'•}*•>  I  bMbkilMMU*  *Cf 

4i  i««kv«4l<  '«/irf  t07niO‘]3«0;|  )«  ■  i  4t*i  icasfu*  *Jbb 

•  :  t(nib4jil  •  M'*’  auLiia  MA#aib  xioltilqtn  tfcdU  * J «»tj  »  rfaiv 

bfjon  •  %Ht  *»afal«t  J«04  5o  '  3»15»  •0«it-}Otr1l|**  »ifi  ‘jf^t  Jn-iii  Unoo 

«t3ia  »3'*orlo3  tiM3  0I  •]09lib4|  ¥•!  b3»«  fl«*‘ *  ■»*wci4j  «  j(  'JWr? 

•■•J  %Tq't*3cj  Mf  JbM*  lilO  «  T'303 •<!»!} Hal  baJaloti 

•  Xiai/c  j  ii*03 

ralosvlft  ^ 

»4(T  PLt'voiioi  i«  »:,(.arT  rtil  t»9l%  flMMM  •  «-<l  vribi<>aq*^  ben  S4l»^a»ib 
tiifl  <**  bnvIiJftMWI  UMi  J40  !»>'  >  ’ir.  ')(*• 

'  ‘s 

to  3(MIMI  cim  IM<  *  >•  i.O-TsaPO  XOt!  9«W  tM19t^ 

<|BV>a4  bfli^  l«r  ■  4«w9xb  3«Io«vIf 

^  ...  f .  J 

llilw  t  ^  ,.(C 

XilAitMfl*  M  Iff  t-0  ««Mt.  .  )  't,  ^  y3vln.i>-tt,0rit  t  o  ?  ;>fl  ' '  •. 

jMi  «i€Mi»itK  ■  *'  finiiiifr':  .  t  t , 

•MtliVfll  a^^kliilpll^  a*  .jamqo 

i  ,  _  ■ 

■  "  ?^'  m  -m  ftn^-  -M 


87 


4) .  Gender:  We  observed  that  females  with  respiratory  disease 
have  similar  status  to  males  at  enrollment  and  five  year  follow-up,  but 
deteriorate  markedly  by  ten  year  follow-up.  Other  investigators  have  noted 
that  females  have  worse  survival  than  males  in  the  teen  age  years.  Several 
hypotheses  have  been  offered  to  explain  these  results,  including  poor 
compliance  with  therapy  among  females  in  the  teen  age  years,  and  diminished 
strength  among  females  in  clearing  secretions.^®  We  also  observed  that  the 
disproportionately  large  number  of  females  presenting  with  respiratory 
disease  also  contributed  to  the  worse  overall  outcomes  among  females  in  the 
cohort  c 

5) .  Staph  aureus  colonization:  Patients  colonized  with  staph 
at  zero  time  were  indistinguishable  from  the  rest  of  the  cohort  at  zero 
time  and  at  five  year  follow-up,  but  had  poor  ten  year  outcomes.  No  other 
series  has  offered  data  on  the  prognostic  effect  of  initial  cultures  for 
staph. 

3.  Pertinent  negative  findings:  One  possible  consideration  is 
that  patients  with  the  worst  initial  total  Shwachman  scores  would  deteriorate 
fastest.  If  that  were  the  case,  clinical  features  might  have  little  further 
prognostic  value.  However,  our  data  document  clearly  that  the  initial  total 
score  is  of  no  value  in  predicting  the  clinical  course.  The  clinical 
features  discussed  throughout  this  study  provide  much  better  indicators  of 
prognosis  than  simple  assessment  of  overall  status  by  Shwachman  score  at 
zero  time. 

The  age  of  patients  in  the  cohort  at  zero  time  had  no  clear  relation 
to  subsequent  outcomes  either.  As  discussed  in  the  Literature  Review,  no 


■ji.tix  ;  #' *f*kOt*  ■  J  i < vt  *tj^  •|dl«««1  >»^4  -"  ’*  77^  yH  -r  •'•H'--‘'  i'ji 
*.  T  /,i-»<3|Ig1  «T-?*-  ■  .„>  ,  .  -.1\^  ;«  A  ,  IB/tnin  ^v«H 

!^T 

“  -•i.ii  a-/«Tl  *#&J  iilJB-tr '  1  :  •»,'■'  •.  '“Jo'  >*'».•  x**'  •'iMi^'Jfc-.  »>'iol'j»J*b 

,,i.-  >u«^  .  i:u«K  G*t'l  WlJ  i'w  ,  -1,^  ..^i‘  '  «..  v/j  ■*  ^‘ i  #»>*  *XlW  *VG’(  4)1  Mol  jMdy 

'  a^Blqji*  <.  ’  n»ir  •■otrl  »♦••-.] i oqujH 

y»/*B  ::i.* .  -  -  oi.n  iztpx  9%t  n  -.  :  4.  /  ->]  -i  x*'*-^"  -’i.w  »^rtA  /  ](^n}0^ 

*H!  '^rl*  •3jvr!4f<iC'  oni*  ,»«rf  i  ti  :•»»  jflifiikoi  ?  «i  **4  $no«i  rt3jc»TJl 

r'c  :■)*  ifM  i?  <»»«.»  tf  ^e^  9P4m$m  <»■**> 

•  »•  •  T-  rt^j>3tA)  9«Tv«  •dJ  p-j  b«t irdmno)  okJ«  susMtxh 

'  .3  34&rf03 

*  '  •  f.>^«»r«olvv  *?rijiij*1  -jioiJ^kioolba  .  f. ? 

oikt  >•  •r.*  1m  J4*)  941  sicy)!  •JdwtbibgkriiTi^u' *  •>»•<*'  *HBi  :*  mum  Jt 

.j(', .'  4,..^  .>*..':,ji,M  Brtj  roxHi  3o«i  i'4«>y  kv  I  ‘  st  ^jap  ■jmi:i 

rr,")  «*1  i«J?i?vj  )o  fttlTt  ii3k00a^1<f  <v<My  rr:  f  4H  •»1?»9 

.fiqtjv 

\i  ■';»*.»•  Bo'r  1.JJ a j  >l«t««'04;;'  ••«  -  ijpj  ■•-  ’’  .%pm  Mamtiiftnfi'  '•' 

ft3#lor)95~2>V  k9l?r,  »  .is-P'Sr % iPlOJ  iPIJiftk  }*r{3 

tf/ J  i4f^  rkVftf?  lo-^>st  .  »9*5  %f1  ■>  »■:♦•  I  ‘  ’ 

l*U/?  I*4J.aj  4*14'*.'  »  I4t  it**'  ,  i*v>«rtH  .  •/'{  *7  alJ*iM»3|0)q 

I  r;.>  ii*lr-  tdl  f  f  >  I  ■>  '*•')  ♦  7  >  )  ♦--/ j  I  ■*  ■  ■'  f"'  ti 

l4<  tlOik’^iKAi  V9JJ  }l»0.  IPX  • ’>  4  Kv*«!’'i4iL  kkilMJkvl 

i*  \\i  (id  :  :  \p  hffptmwp*-'*  ■•' ftf}]  1  rb.,!  r4‘»>/iso3q 


IkkJ''  '■f>  *•••»  *9r}’  <iiflMh  9#  V-  5'1J  nj 

rtfi  .wMrarf  >  ■  .ii«i’: « )J ;  -A'Ii  ^  i  bf<rtH«jiilc  «» 

'“B  . 


88 


previous  study  had  adequately  examined  the  prognostic  significance  of  the 
age  at  zero  time. 

Finally,  the  secular  period  of  enrollment  had  no  prognostic  value 
either.  This  finding  is  not  surprising.  The  eligibility  criteria  ior 
study  were  designed  in  part  to  assure  that  the  same  basic  therapeutic 
measures  were  available  to  all  patients. 

II.  Implications  for  Clinical  Management 

From  the  descriptive  and  analytic  findings  of  this  study,  we  can 
delineate  several  profiles  of  patients  with  distinct  clinical  features  at 
presentation  and  subsequent  outcomes.  This  section  will  present  four  brief 
case  histories  of  patients  actually  included  in  our  study  who  typify  these 
profiles.  The  cases  will  include  one  patient  with  steatorrhea,  another 
with  meconium  ileus,  and  two  with  respiratory  disease  —  one  with  a 
relatively  benign  outcome  and  the  other  with  an  aggressive  course.  These 
cases  do  not  encompass  all  of  the  features  discussed  in  the  study.  For 
example,  patients  with  isolated  respiratory  disease  are  not  represented, 
as  there  were  just  eight  such  individuals  in  the  study. 

A.  Steatorrhea 

D.B.  is  a  ten  year  old  white  male  who  was  the  product  of  a  normal 
delivery  to  a  family  with  no  known  history  of  cystic  fibrosis.  By  one  month 
of  age  his  parents  reported  the  stools  to  be  foul-smelling ,  bulky,  and 
greasy.  After  an  episode  of  rectal  prolapse  at  five  months  of  age,  he  was 
sweat  tested,  and  diagnosed  as  having  CF.  He  had  no  clubbing  at  that  time, 
and  throat  cultures  revealed  normal  flora.  Total  Shwachman  score  at 
enrollment  to  the  Yale  clinic  was  83  with  a  nutrition  score  of  18  and  chest 
x-ray  of  25.  At  five  year  follow-up,  the  patient's  overall  status  improved 
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with  a  total  score  of  94,  His  chest  film  was  still  entirely  normal  (25) 
and  with  pancreatic  enzyme  supplementation,  his  nutrition  score  had  improved 
to  23.  By  ten  year  follow-up  the  patient  still  had  only  minimal  compromise 
in  nis  uaiiy  activities.  Total  Shwachman  score  was  93  although  the  chest 
x-ray  slipped  to  22.  An  interesting  addition  to  D.B.'s  history  is  that  he 
developed  Coombs  negative  hemolytic  anemia  shortly  after  diagnosis,  a  rare 
complication  of  CF  felt  to  be  due  to  deficiency  of  Vitamin  E. 

Aside  from  the  anemia,  D.B.'s  history  is  quite  typical  of  patients 
presenting  with  steatorrhea.  These  children  are  often  diagnosed  at  less 
than  a  year  of  age  with  normal  chest  x-rays.  Their  overall  status  improves 
with  enzyme  therapy  and  does  not  deteriorate  until  respiratory  disease 
ensues.  The  recent  change  in  chest  x-ray  score  suggests  that  D.B.  may  begin 
to  show  progressive  deterioration. 

B.  Meconium  Ileus 

T.G.  is  a  nine  year  old  white  male  born  with  meconium  ileus  relieved 
surgically  but  without  resection.  Sweat  test  in  the  neonatal  period  was 
positive.  The  patient  had  no  respiratory  symptoms  at  enrolment  and  throat 
cultures  showed  normal  flora.  Total  score  was  87  with  a  nutrition  score 
of  18.  By  five  years  of  follow-up,  the  patient  was  in  excellent  condition 
with  an  x-ray  score  of  24,  a  nutrition  score  of  23,  and  a  total  score  of 
97.  Recently,  at  nine  year  follow-up,  he  had  a  chronic  cough,  mild  clubbing, 
colonization  with  staph  aureus ,  and  chest  film  of  22.  Total  score  had 
slipped  to  93. 

T.G.  typifies  the  child  with  meconium  ileus  who  survives  the  neonatal 
period  and  has  a  relatively  mild  course.  Currently,  these  children  do  no 
worse  than  patients  with  CF  with  normal  births.  Like  D.B.,  T.G.  has  just 
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recently  shown  respiratory  involvement  and  can  be  expected  to  deteriorate 
s lowly. 

C.  Respiratory  Disease 

L. N.  is  a  ten  year  old  female  who  was  the  product  of  a  normal  delivery. 
By  six  months  of  age,  the  mother  reported  a  history  of  foul,  bulky  stools, 
and  chronic  cough  to  the  pediatrician.  When  these  symptoms  persisted  at 
nine  months  of  age,  the  pediatrician  ordered  a  sweat  test  which  was  positive. 
There  was  no  history  of  pneumonia,  no  clubbing,  and  initial  chest  x-ray 
score  was  25.  Throat  culture  was  positive  for  staphlococcus  aureus.  Total 
Shwachman  was  91.  By  five  years  of  follow-up,  the  patient  had  developed  a 
productive  cough,  pseudomonas  colonization,  and  moderate  clubbing.  Chest 
film  score  was  19  and  total  score  was  84.  At  ten  years  the  chest  film 
dropped  to  18  and  total  score  to  83.  The  patient  had  been  admitted  several 
times  for  management  of  pseudomonas  colonization  and  infection. 

Steatorrhea  led  to  the  diagnosis  inL.N. 's  case,  the  respiratory  disease 
being  mild  at  enrollment.  As  the  respiratory  disease  worsened,  her  overall 
status  fell  as  well.  However,  it  is  noteworthy  that  by  ten  years  of  age 
she  still  had  a  "good”  score.  Hence,  L.N.  represents  a  child  with  combined 
gastrointestinal  and  respiratory  disease  at  presentation,  but  with  a 
relatively  good  outcome  at  ten  years. 

M. G.  was  born  in  1969,  the  normal  female  product  of  a  family  with  no 
history  of  CF.  She  had  a  chronic  cough  from  birth  and  steatorrhea  beginning 
around  six  months  of  age.  By  two  years  of  age,  these  symptoms  persisted 
and  her  local  pediatrician  performed  a  sweat  test  which  was  positive.  At 
enrollment,  she  had  no  clubbing,  negative  throat  cultures,  and  no  pneumonia. 
Chest  film  was  24  and  total  score  was  89.  By  five  year  follow-up,  she  had 
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recently  shovm  respiratory  involvement  and  can  be  expected  to  deteriorate 
s lowly, 

C,  Respiratory  Disease 

L. N.  is  a  ten  year  old  female  who  was  the  product  of  a  normal  delivery. 
By  six  months  of  age,  the  mother  reported  a  history  of  foul,  bulky  stools, 
and  chronic  cough  to  the  pediatrician.  When  these  S5niiptoms  persisted  at 
nine  months  of  age,  the  pediatrician  ordered  a  sweat  test  which  was  positive. 
There  was  no  history  of  pneumonia,  no  clubbing,  and  initial  chest  x-ray 
score  was  25.  Throat  culture  was  positive  for  staphlococcus  aureus.  Total 
Shwachman  was  91.  By  five  years  of  follow-up,  the  patient  had  developed  a 
productive  cough,  pseudomonas  colonization,  and  moderate  clubbing.  Chest 
film  score  was  19  and  total  score  was  84.  At  ten  years  the  chest  film 
dropped  to  18  and  total  score  to  83.  The  patient  had  been  admitted  several 
times  for  management  of  pseudomonas  colonization  and  infection. 

Steatorrhea  led  to  the  diagnosis  in  L.N.  's  case,  the  respiratory  disease 
being  mild  at  enrollment.  As  the  respiratory  disease  worsened,  her  overall 
status  fell  as  aOwever,  ic  is  nocewortny  tnat  by  ten  years  of  age 
she  still  had  a  "good"  score.  Hence,  L.N.  represents  a  child  with  combined 
gastrointestinal  and  respiratory  disease  at  presentation,  but  with  a 
relatively  good  outcome  at  ten  years. 

M. G.  was  born  in  1969,  the  normal  female  product  of  a  family  with  no 
history  of  CF.  She  had  a  chronic  cough  from  birth  and  steatorrhea  beginning 
around  six  months  of  age.  By  two  years  of  age,  these  symptoms  persisted 
and  her  local  pediatrician  performed  a  sweat  test  which  was  positive.  At 
enrollment,  she  had  no  clubbing,  negative  throat  cultures,  and  no  pneumonia. 
Chest  film  was  24  and  total  score  was  89.  By  five  year  follow-up,  she  had 
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pseudomonas  colonization  and  a  chest  film  of  20=  Total  score  was  still  89, 
however,  as  her  nutritional  status  had  improved  from  enrollment.  By  ten 
years  her  respiratory  ui&ease  uaa  worsenea  marKediy,  ner  chest  x-ray  being 
15  and  total  score  20.  She  had  recently  been  admitted  for  anti-pseudomonal 
therapy.  She  died  at  twelve  year  of  age. 

M.G. 's  history  reflects  the  aggressive  course  that  the  disease  often 
takes  in  patients  (especially  females)  with  onset  of  respiratory  symptoms 
early  in  infancy. 

While  these  vignettes  do  not  touch  upon  all  of  the  issues  discussed 
in  this  study,  the  histories  do  support  the  principal  conclusions.  First, 
it  is  important  to  note  that  except  for  M.G.,  these  patients  generally  had 
good  scores  ten  years  after  enrollment.  This  phenomenon  is  representative 
of  the  cohort  as  a  whole  after  ten  years.  The  challenge  for  clinicians  is 
to  identify  those  patients  who  will  deteriorate  fastest.  Clearly,  the 
initial  total  scores  are  of  no  help,  as  D.B.  and  T.G.  had  the  lowest  initial 
scores  but  the  mildest  subsequent  clinical  courses.  The  mode  of  presentation 
is  more  helpful:  The  first  two  cases  reflect  that  overall  status  of  patients 
without  respiratory  disease  often  improves  with  pancreatic  enzyme 
supplementation  and  does  not  deteriorate  substantially  until  the  onset  of 
respiratory  disease.  In  contrast,  the  third  and  fourth  cases  reflect  the 
finding  that  patients  with  respiratory  disease  at  the  onset  deteriorate 
faster.  This  distinction  in  the  clinical  significance  of  respiratory  and 
gastrointestinal  involvement  is  the  central  theme  emerging  from  histories 
of  the  patients  in  our  study. 


;j*  :-vc  >•  -ti!;  fuli't  k  Oo  Ir^oomobi/ktj:; 

■’V  '  .ja>iiflo  «r«  ikitf  (  ,>t<>#r)  l»*^f.  iMoi  'XTJtts  *ii»rf  ta  , 

>«  ■:.*-■  ^.i  r*  ••  •  :  33d  «7asx. 

.!  •p''-^-»cD.3a*«y- ;:;{»§  103  ■  z'.iB  oMmd  i*r.  5io»»  ia:>«j 'biift 

.»!»  ;•  ••>■?•-•_  brlx^^t  fm  hmift  #flt'  .■»<|-a-sadi 

ii«»vaJb  c.  't.i-  .  «-ruy3  arriaik  -s*’  kiaainaj  trio3iki  < 

*390 1  ;.v-.  i  v-iojtttqk»j  5o  Jkkuo  t>ki«kM»)  r(isi>«iqt#}  «:)eai:>*q  iii  B<\ik3 

.T^nftlai  iu  Ti'**^* 

L:-*  ( i.  */f3  1.>  11*  4'>qjiJ  ^'jtrcti  Joel  ob  k»9tkafiv  kf  idW 

Je*j^  » *ooi -n»'‘:>  ^.jj->n>nj  *ijj  ob  •9i7<>jt*in  .ifi  oi 

TiitTiaokj  wacs-j  ?».i  9*j.ff3  .  .O.H  -ro^  iqa&x*  iatfs  ki  3i 

;s'i  3f.  J'(kr5  j  I  i.  non!!a/o0  94l^  klrfT  .JOMkl  10*300  'Tf.itk  Vi. *<3  uAi  i»!rTO0k  bpof 
.u  a<k3r>jniio  to*  *<JT  .^tka^  '►:*>  ^So+bf  t  «••■  3i.O€ioa  O/fi  ^0 

*|J3  ,7l'ikBiD  <.j«»oji9?kh  lJj»  Otiilr  *''rik<  -'^  »tK>4f3  OJ 

JkiJiiii  -  -.cf'  anlj  bkit  ,D,T  li0k  .S.d  kk  io  aia  thTo-o*  J»Jo3  lAi^iai 

rr*^'  'I  t  .'Oktkt4|  w<T  /  ko«3tfab  ladJiii/o  >0aufi0»'iui  fkifebl  'a  *dJ  iod  a»303k 

»3a»iikq  SQ  «(i3kJ*  Ji»7*vo  3kil3  fi®.‘Ty»  •**  >^<,1  3»‘3jt’l  (' t* i  £»<<  oioi)  ai 

w-fXAk  3i2kat3oimi  dlrif  .isTOTT^i  T*  kkakklli  v -.■^^atr^kor  iuOii:»rw 

'•s.aOO  ti<3  f-''i3*3  yi  i  •  c '0*  J  id:j>  »aa70,l  103*1*  f<hst  aaot  bok  COl2k?0*«-oIqqiJa 

•dj  loalit-;  j!***..  t«*k  o4fT(  ,  ^  nl  .«k*54il>  <TOj0TJq«»T 

^jkVOiTJiab  3a«.kO  aife*  ijikaoalb  d-’i*  *2f!»/iaq  >ikW3  yniboH 

tioa  -r^oJkaiqkat  to  ucii.  ?j  ).  ijv,l ^  Ikoxadita  :  o^  Croi3aoi5ai»  tiiTT  .^asaal 
aaiiaJaiii  #:•:  r'.  art^di  la  J‘>J''»^  &n'3  t>  3( iasltkkjaiorsaaK 

.■f. 

tMHi  iii  »3to»iJk^  s»d3  io 


93 


III.  Implications  for  Clinical  Research 

The  recognition  of  prognostically  distinct  groups  of  patients  also  has 
implications  for  clinical  research.  For  example,  a  clinical  trial  of 
therapeutic  interventions  would  be  biased  if  one  group  of  subjects  were 
represented  disproportionately  by  patients  with  particularly  favorable  or 
unfavorable  prognoses.  Hence,  investigators  should  assure  that  experimental 
cohorts  have  even  representation  of  patients  from  prognostically  distinct 
groups.  Furthermore,  particular  interventions  may  only  be  effective  or 
appropriate  in  select  subgroups  of  patients.  Therefore,  in  studying  the 
efficacy  of  such  measures,  investigators  should  stratify  their  subjects 
into  these  distinct  subgroups. 

IV.  Directions  for  Future  Research 

This  study  raises  several  unanswered  questions  which  could  be  explored 
by  further  clinical  research.  Four  broad  areas  for  future  study  will  be 
outlined  briefly  in  this  section, 

A.  The  Prognostic  Effect  of  Features  ^tot  AdeHudcei.y  avctiuaceu  in 
This  Study 

Because  some  of  the  subgroups  were  quite  small,  we  were  unable  to 
evaluate  four  features  with  statistical  persuasiveness.  These  included  co- 
morbid  disease;  the  distinction  between  isolated  respiratory  disease  and 
combined  respiratory  and  gastrointestinal  disease;  the  outcomes  of  patients 
truly  found  to  be  asymptomatic  at  presentation;  and  the  prognostic  effect 
of  alveolar  disease  at  ten  year  follow-up.  Study  of  a  larger  series  might 
clarify  the  associations  between  these  zero  time  findings  and  subsequent 
morbidity  outcomes. 
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B.  Diagnostic  Stimulus  vs .  Symptoms  Present  at  Presentation 

It  was  apparent  that  the  events  leading  to  sweat  test  differed  among 
patients  who  had  very  similar  symptom  status  at  zero  time.  It  would  be 
interesting  to  study  the  relationship  between  diagnostic  stimulus  and 
subsequent  outcomes  among  patients  with  similar  clinical  presentations. 
Such  an  analysis  would  refine  the  present  study  by  considering  the 
variability  in  identification  of  patients  with  the  likely  diagnosis  of 
cystic  fibrosis. 

C.  Early  vs .  Late  Onset  of  Respiratory  Disease 

We  have  shown  that  patients  with  onset  of  respiratory  disease  in  the 
perinatal  period  have  worse  outcomes.  It  would  be  interesting  to  determine 
whether  patients  with  onset  after  three  months  of  age  have  less  aggressive 
disease,  or  whether  it  is  equally  aggressive  but  simply  arises  later.  In 
addition,  it  would  be  useful  to  evaluate  the  onset  of  respiratory  disease 
at  later  points  in  the  clinical  course  as  we  did  in  this  study  at  three 
months  of  age. 

D.  Corre lation  With  Pulmonary  Function  Tests 

Currently  most  clinicians  follow  the  progress  of  patients  with  cystic 
fibrosis  with  pulmonary  function  tests.  However,  as  pointed  out  earlier, 
patients  cannot  perform  PFT's  until  around  six  years  of  age.  Hence,  these 
tests  cannot  be  used  to  characterize  zero  time  status.  Clinicians  are  left 
to  describe  the  presentations  in  term  of  clinical  features  considered  in 
this  study.  It  would  be  useful,  therefore,  to  correlate  these  clinical 
features  at  zero  time  with  subsequent  pulmonary  function  test  parameters. 
The  results  would  help  clinicians  integrate  the  clinical  trends  we  have 
outlined  into  their  conventional  manner  of  following  older  patients.  This 
proposal  poses  the  larger  question,  already  the  focus  of  clinical  research 

of  whether  PFT's  in  fact  serve  as  accurate  surrogates  for  overall  clinical 
CQurse^^J - 
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APPENDICES 


A.  Data  Extraction  Form 

B .  Data  Coding  Form 

C .  Summary  of  Shwachman  Clinical  Scoring  System 

D.  Summary  of  Brasfield  X-Ray  Scoring  System 
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Appendix  A 


Date  of  Extraction;  / _ / 


Hospital  Unit  No.  98 


Extractor; 


Study  No. 


DATA  COLLECTION  FORM  —  CF  STUDY 


I.  Demographic  Information 


Naime  * 

Birth  Date 

/ 

/  Gender 

Phone 

Parents’  Name 

Address 

Parents’  Occupations;  Father; 

Mother; 

Referring  M.D, 

Town 

Phone 

Number  of  Children  in  Family  at  Time  of  Enrollment  _ _ 

Birth  Order  of  Children  _ 

II.  Pre-Existing  Conditions 

A.  Relative  with  CF;  Yes  _  No _  If  yes,  relationship  _ 

Date  Dx  _ I  J  Age  at  Dx _  Age  at  Death  _ 

Principal  Organ  System  at  Dx  _ _ _ 

B.  Co-Morbidity;  Yes  _  No  _  If  yes,  please  describe  below; 

Disease  Yes  No  Description  and  Dates 


Complications  of  Pregnancy 


Premature  Birth 

RDS 

Neonatal  Intubation 

Respiratory; 

Asthma 

Other  Respiratory 

Cardiac 

Infectious  Disease; 
Meningitis 

Date  /  / Organism 


Other  ID 

Renal 

CNS: 

Mental  Retardation 

Developmental  Delay 

Other  CNS 

Endocrine 

p;-!  TbuiS 

■” . "“'  ^'’  "  ,  ,! 

t  '  I 

frrrr  ti  >-  rArrjhiK^i  ...  - 

fTOiJfterfo^iyr  :>lttgj^Ta;OlW 

■f:Hhrr%o  _  '  S _  . . .  . _ 


•j  *!  ■:;*  _  ,  -tPifi**  ^affolls.qwD’jO  ''jJfifJ  rfit 


rtw^T  _  .W.M 


I ^  fcprir*  r*  Tllaiili  pJ  -i)ii:UfD  lu 

rsa  T '.  ‘-^  ti.)  io  I  ■»  *.'  j  0  if  f  ■'if' 


’  an±3»Jbt^-' 

.  V  _  .■•'•  _  :fJ  >!•»:#■  jrrtifcLsS  ,4'' 

-•♦<1  '**  .1*  4J|A  _ #J«Q 

<0  3*  M3«X&  OtllO 


^  'kpsjil.^  .a*.  I*  ■  t'J  iM-oD  *9 


>s  in*  4  Ji"-U 

L . ...; 

itf'SlS  9,*.:  N_ 

•'  i'L<?  "*' 

mti  1  muffin  « T  U  ^  an*.-  s*?! 

!  i  rri  Jpxttiapfl 

1  fijc.ti3ttA 

•  TPifjO 

-  .  - . .  •ipi'’-'" 

' 

' - ^ 

n 

;  .  V-  .,  'Jf  ipifjo 

-1  ; 

'  ?  ■  tanaA 

! 

i 

1 

j*ii 

t 

•  •'  i.  '1.1  la  VOQ 

■ 

1  ^ 

99 


2  » 


Clinical  Itinerary  of  Principal  Illness 

A.  Earl  jest  Signs  and  Symptoms  —  list  dates  and  describe; 


A. 


B.  Hospital ization  for  Princ ipal  Illness  —  list  dates  and  diagnoses; 

1.  _ _ _ _ 

2,  _ _ _ _ _ _ 

3.  _ _ _ _ _ 

4„  _ _ _ 

C.  Signal  Events  Raising  Suspicion  of  — ■  list  dates,  symptoms,  signs,  labs, 

and  diagnostic  imaging 


D.  latrotropic  Stimulus  for  Sweat  Testing; 


E.  Sweat  Test:  Yes  _  No  _ 

Date  _ / _ / _  Location  _  Result 

F.  ^  ^  Dates; 

1.  Initial  Suspicion 

2.  Plan  to  Sweat  Test 

3 .  Sweat  Test 

4.  Referral  to  Clinic 

5.  Enrollment 


_ /  / 

/  / 

/  / 

/ _ / _ 

/  / 
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G.  Hospitalizations 

for  IV  Antibiotic  Therapy 

Date 

Duration 

Treatment/Dru^s 

1  Administered 

1.  /  / 

2.  /  / 

3.  /  / 

A.  /  / 

5.  /  / 

H.  Other  Hospitalizations 

Date 

•  Duration 

Indication 

Treatment 

1.  /  / 

...  . 

. 

— 

2.  /  / 

I.  Weight  Gain 

Time  Wt.  % 

Time  Wt. 

% 

Subsequent 
Follow-Up  Dates 

Wt.  % 

Birth 

Diagnosis 

1  yr 

Enrollment 

5  yrs 

2  yr  fellow 

10  yrs 

5  yr  fellow 

Appearance  of  Symptoms  and  Signs 

Date  of 

Date  of 

Category 

Yes  No 

App. 

Disapp . 

Description 

Respiratory 

Wheezing 


Clubbing 

Cyanosis 

Hemoptysis  (>1  cup) 

Cor  Pulmonale 

Atelectasis 

Pneumothorax 

Mucoid  Pseudomonas 
Colonization 

Staph  Colonization 

Haemophilus  Colonization 

GI 


Meconium  Ileus  (MI) 


Complication  of  Ml-list 

Meconium  Plug  S3mdrome 

Wt.  <5th  % 

Steatorrhea 

r 


!!iA.  7®^  fjBtlqttoH  I  .a 

BptiMTtig  •7i£ 


_ _ \ _ .X  ■ 

1.  \ _ \ _  .£ 

.c 

_  \ _ _  .?  1 


■aoi  3Mi  t  ic.  i  jquoH  itdjQ  .  a 
tfjJ  itiuQ  •  93 Mil 

■  .  _ v_\ _  .X 

_ _ \ _ ^\_  -i 


J ..  ' 

_  _  ax>i3<Tj*i0r 

_  t 

■I 

9V  '_^  '■  >v 

t> 

_  ^  ♦itT 


ji(atl»w  .1 

|_  ^ 

_ _  «JlX® 

_ _  rt  X 

_  _  BIX  ^ 

^  •7X  Oi 

tsiaol  M  22iai‘'j*43* 

J 


XTOJaii  ,,,^  ., 

aaJ^iimriW 

■  - - 

_ ■  _ _ B/<4ytB  lp  ■ 

( ■  j  a  x<i 

:  ^  _ iIe/i<igXt/r  7o:3_ 

—  bX*^^  J  ^  J  ^ 

WHOiijO^UsMl*? 

•—  -  I  ^  irnmim  i|  ' 

j  -tt.-  *,t.'*w<r  tfioj-'fih 

.^oi  iBBlnoloO _ 

«  fpl4^Fi^Xorj  -i ^e’g 

<iiiX  ilSl’*'- ^  “J5L. 


■"1 


•r» 


ID 


- ,  i-IB*  b<>bX1  a>i;XQoa»M  ^ 

<  f  X~  nr*  rc  ■  ■>  a  -J  u  -yjoD  ^ 

-  jtat^  Cvlnoo»K 
X  J3^>  oW 

_ _ &  d^Tfc^naja  j 


„  4 


101 


Date  of  Date  of 

Category  Yes  No  App.  Disapp.  Description 


Hypoproteinemia/Edema 


Biliary  Cirrhosis 

Rectal  Prolapse 

Vitamin  Deficiency 

Pancreatitis 

Other 


Diabetes  Mellitus 


Azoospermia 

Nasal  Polyps 

Heat  Prostration/Sal t 

Depl etion 

Other 

Vo  Follov-Up 

Date  of  Death  _ / _ / _ 

Date  of  Loss  to  Follow-Up  _ / _ / _  Reason 
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Appendix  B 

ame  _ _ _ 

late  Coded _ 


(1)  Unit  Number 

][][][][][][] 

1  2  3  4  5  6  7 


(7)  Age  At  ZT 

[][][]  Months 
18  19  20 

(10)  //  Sibs  With  CF  At  ZT 

[  ] 

29 

(13)  Neonatal  Sepsis 

[  ]  1 =  Yes 

32  2  =  No 


(16)  Onset  Sx  To  ZT 

[][][]  Same  as  (15) 
37  38  39 


(2)  Card  Number 

[  ] 

8 


(8)  Date  Of  ZT 

[  ]  [  ]  Month  [  ]  [  1  Year 
21  22  23  24 


PRE-ZT  CO-MORBIDITY; 
(11)  Prematurity 


(14)  Other  Co-morbidity 

[  ]  0  =  None 

33  1  *  g-e 

2  =  Bilary  Artesia 

3  =  Hypothyroid 

4  = Meconium  aspiration 

5  = Meconium  plug 

6  =Hirshprungs 

7  =Aliac  disease 

(17)  Pre  ZT  Hosp.  (Resp.) 

[  1  0=0 
40  1  =  1 

Etc. 


(3)  Date  of  Birth 

[  ]  [  ]  Month  [  ]  [  ]  Year 
9  10  11  12 


(6)  Race 

[  ]  1  =  Black 
17  2  =  White 

3  =  Hispanic 


(9)  Date  of  Dx 

[  ]  [  ]  Month  [  ]  [  ]  Y 
25  26  27  28 


(12)  RDS 


(15)  Birth  To  Onset  of  Sx 

[][][]#  Months 
34  35  36  enter  999  if 

uncertain; 

888  if  asx  at 
ZT 


(18)  Pre-ZT  Hosp.  (GI) 

[  ]  0=0 
41  1  =  1 

Etc . 


(4)  ID  Number  (5)  Gender 

[][][]  [  ]  l^Male 

13  14  15  16  2  =  Female 


[  ]  1  =  Yes 

30  2  =  No 


[  ] 

31 


1  =  Yes 

2  =  No 


tsea  to  Miwir  <S).  JiliO  (X).'* 

!  ]  f  )  (111 

L I  I  !  01? 

sat-ir  (?) 

jt-aslIT  '  I  !  ! 

3JI.XV-:  u 

•>!  ■■iiiC.JB  -  i 


I  1 


M  (  )  (  )  I  j  f  1  t 
V  A  e  A  €  s 


tmImmQ  (V 


jdit/JX  UI  (IV 


t  (  3 

alMit  •  X  If. 


f  1  t  3  I  J 
Cl  Ai  cr 


xU  JO  *3J»»S  (f) 


TS  Kl  0imC 


n  sA  99A  to 


I  1  I  1  !  i  I  J 

X'.  i)':! 


laaT  (111  rfiooM  (HI 

t;  it  It 


•rfJooH  (  )  1  )  f  i 

OS-  ei  81 


Eas  •sji 

mY  «  i  (  ) 

<»N  -  s  le 


tTTta:iWO»(-OD  TS-Mt 

I 

(il) 

-ar  •  !  (  ) 

uif  -  o( 


TS-  aA  Tj  .tjiw  »<^13  I 


)'.•  -)*^aO  oT  rtjTifi  ((I) 

•riaotiN  i  1  j  (  )  r  ) 
W  lajoa  d£  It 
;ii)  •tJ-iatsru 

2  h  1  'jt  sm 

r.\ 


JO)  ..jaoH  TS-o-i?  (81 ; 


MloW  -0  I  I 
•*8  -  1  Cl 

!iiqfTrfa<ii7df  •  C 

ivni|Ailq«A  awtnci^sM-  I 

«8f**rtTi1»T»  B-  J 
AtUl^iO  '^«bl  \ 

.  'fbol*  t-  s'lt^  fTI) 


Rl«qA2  X«}*na»M  (Ci 

f 

«*Y  -  I  11 

oH  •  £  SC 

i 

. '  i 

< 

TC  pt  x3  JaaaO  ,(di) 


0  -y  (  i 
1*1  111 
.  ^:i3 


1-1  OA 
.:>)3 


1/  i»  9«a8  t  M 

£  ec  acj 


■iS 

I 


.  i 


I 


t  d 


1)  Pre-ZT  Hosp.  (Resp.  &  GI) 


(20)  Respo  Sx  At  ZT 


Resp .  Sx  At  ZT 


[  ]  0=0 
42  1  =  1 

Etc . 


[  ]  0  =  None  [  ]  Same  as  (20) 

43  l  =  Recus.  Pneumonia  44 

2=  Recur.  Bronchitis 

3  =  chronic  Cough 

4  =  Wheezing 

5  =  Acute  Pneumonitis 

6  =  Resp.  Sx,  n.b.s. 

9=  Unknown,  Uncertain 


i)  Resp. 

Sx  At  ZT 

(23)  GI  Sx  At 

ZT 

(24) 

GI  Sx  At  ZT 

|]  Same 
) 

j 

as  (20) 

[  ]  0  =  None 

46  1 =  Steatorrhea 

2  =  Rectal  Prolapse  x  1 

3  =  Recurrent  Prolapse 

4  =  Abdominal  Pain 

5  =  Poor  Weight  Gain 

6  =  Mecileus 

7  =  GI,  WOS 

8  =  Constipation 

9  =  Unknown 

[  ] 

47 

Same  as  (46) 

)  GI  Sx  At  ZT  (26)  Other  Sx  At  ZT  (27)  Other  Sx  At  ZT 

I  Same  as  (46)  [  ]  0 =  None  [  ]  Same  as  (26) 

i  49  1  =  Hx  Coombs  -  Anemia  50 

2 =  Hx  Hyponatremic  Dehydration 

3  =  Hx  Hypoproteinemic  Edema 

4  =  Biliary  Cirrhosis 

5  =  Nasal  Polyps 

6  =  Femoral  Hernias 

7  =  Increased  LFT’s 

8=  Glucose  intolerance 


(28)  Signal  Event  Leading  to  Dx 


[  ]  01 =  Hx,  ASX 

52  02  =  Mec.  Ileus,  No  Surgery 

03  =  Mec.  Ileus  With  Surgery;  No  Resection 
04  =  Mec.  Ileus  With  Resection 
05  =  Mec.  Ileus  With  Peritonitis 
06  =  Steatorrhea 

07  =  Rectal  Prolapse;  Hx  Steatorrhea 
08 =  Steatorrhea  In  View  Of  Resp.  Hx 
09  =  Abdominal  Pain 
10=Nucococle  of  Appendix 
11  =  FTT  Inpatient 
12=FTT  Outpatient 


13  =  Recurrent  Bronchitis 

14  =  Recurrent  Pneumonia 

15=  Acute  Resp.  Disease;Positive  GI 
16=  No  Acute  Event;  Pos.  GI  &  Resp.  Hx 

17  =  Cholestatic  Jaundice 

18  =  Hyponatremic  Dehydration 
19 = Hypoproteinemic  Edema 

20  =  Coombs  -  Anemia 
21 =  Fam.  Hx,  With  Sx 
22=  Recurrent  cough 
23  =  Recurrent  wheeze 


9)  Diagnostic  Setting 

[  ]  1 =  Ambulatory 

53  2  =  Hospital 


(30)  Clubbing  At  ZT 

[  ]  0  =  Absent 

54  1  =  Mild 

2  =  Moderate 

3  =  Severe 


(31)  Cultured  At  ZT? 

[  ]  1 =  Yes 

55  2  =  No 
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12) 

Pseudomonas  At  ZT 

(33)  Staph  at  ZT 

(34) 

Hemophilus  At  ZT 

] 

0  =  Not  Cultured 

[  ]  0  =  Not  Cultured 

[  ] 

0  =  Not  Cultured 

56 

1  =  Yes 

57  1  =  Yes 

58 

1  =  Yes 

2  =  No 

2  =  No 

2  =  No 

)5) 

Weight 

At  Zt 

(36) 

Height 

At 

Zt 

(37) 

Wt  For  Age  At  ZT 

[  ] 

[  1 

//Kg 

[  ] 

[  ]  [  ] 

//cm 

[  ] 

1  = 

0-5  %  5  =  >50-75% 

59 

60 

61 

62  63 

64 

2  = 

>5-10%  6  =>75-90% 

3  = 

>10-25%  7=  >90% 

4  = 

>25-50%  9  =  Unknown 

58) 

Ht  For 

Age  At  ZT 

(39) 

Wt  For 

Ht 

At  ZT 

(40) 

Pseudomonas  Post  ZT 

[  ] 

Same 

as  (37) 

[ 

]  Same 

as 

(37) 

[  ] 

[  ] 

Years  Post  ZT  Until 

65 

66 

67 

68 

+  Culture 

(Ent 

er  00 

if  +  At  ZT;  99  If  Never 

88 

if  not  cultured 

(41)  Staph  Post  ZT 


(42)  Hemophilus  Post  ZT 


(43)  I.V.  Cleanouts 


]  [  ]  Same  as  (40) 
9  70 


[  ]  [  ]  Same  As  (40) 
71  72 


[  ]  Total  #  [  ]  [  ]  Years  AFter  ZT 

73  74  75  of  First  Admit 

(99  If  None) 


l44)  G.I.  Hosps.  Post  ZT 


(45)  Unit  Number 


(46)  Card  // 


otal  #  [  ]  [  ]  Years  After  [][][][][][][] 

77  78  ZT  of  1st  1  2  3  4  5  6  7 

Admit 

(99  if  none) 


[2] 

8 


47)  Co-morbidity  Post  ZT 

[  ]  1  =  Yes 

9 


!50)  Status  At  2  Years 

[  ]  1 =  Dead 

13  2  =  Alive 

3  =  LTFU 


(48)  Type  Of  Co-morbidity 

[  ]  0  =  None 

10  1 =  Arrhythmia 

2  =  Cholangitis 

(51)  Status  At  5  Years 

[  ]  1 =  Dead 

14  2  =  Alive 


(49)  Year  Of  Death 

[  ]  [  ]  00  =  Alive 

11  12 


(52)  Status  At  10  Years 

[  ]  1 =  Dead 

15  2  =  Alive 

3  =  LTFU 

4 =  Followed  <10  Years 
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(0 

Year  Of  Last  FU 

(54)  Status  At  Last 

FU 

(55) 

Interval  Between 

ZT  &  Death 

[  1  [  ] 

[  ] 

1  =  Dead 

[ 

]  [  ] 

[ 

]  //  Months 

16  17 

18 

19  20 

21  Enter  888 

If  Alive 

Enter  999 

If  Uncertain 

(56) 

Interval  Between  Onset  Sx 

(57) 

Interval  Between 

Dx 

And  Death 

And  Death 

[  ] 

[  ]  [  ]  Same 

As  (55) 

[  ]  [ 

] 

[  ]  Same  As  (55) 

22 

23  24 

25  26 

27 

ZT 

2  Yrs 

5 

Yrs 

10  Yrs 

Recent 

(8) 

Total  Shwachman 

[][][] 

[][][] 

[  ]  [ 

]  [  ] 

[][][] 

[][][] 

28  29  30 

31  32  33 

34  35  36 

37  38  39 

40  41  42 

f9) 

Activity 

[  ]  [  ] 

[  ]  [  ] 

[  1 

[  ] 

[  ]  [  ] 

[  ]  [  ] 

43  44 

45  46 

47 

48 

49  50 

51  52 

|0) 

Physical  Exam 

[  ]  [  ] 

[  ]  [  ] 

[  ] 

[  ] 

[  ]  [  ] 

[  ]  [  ] 

53  54 

55  56 

57 

58 

59  60 

61  62 

il) 

Nutrition 

[  ]  [  ] 

[  ]  [  ] 

[  ] 

[  1 

[  ]  [  ] 

[  ]  [  ] 

63  64 

65  66 

67 

68 

69  70 

71  72 

(62)  Unit  # 

(63)  Card  // 

[][][][][][][] 

[3] 

1  2  3  4  5  6  7 

8 

)4)  X-Ray  Total 

[  ]  [  ] 

[  ]  [  ] 

[  ]  [  ] 

[  ]  [  ] 

[  ]  [  1 

9  10 

11  12 

13  14 

15  16 

17  18 

j5)  Air  Trapping 

[  ] 

[  ] 

[  1 

[  ] 

[  ] 

19 

20 

21 

22 

23 

56)  Bronchial  Cuffing 

[  ] 

[  ] 

[  ] 

[  ] 

[  ] 

24 

25 

26 

27 

28 

>7)  Small  Lesions 

[  ] 

[  1 

[  ] 

[  ] 

[  ] 

29 

30 

31 

32 

33 

>8)  Large  Lesions 

[  ] 

[  ] 

[  ] 

[  ] 

[  ] 

34 

35 

36 

37 

38 

j9)  Overall  Severity 

[  ] 

[  ] 

[  ] 

[  ] 

[  ] 

39 

40 

41 

42 

43 

(Enter  0  If  Patient  Has 

Not  Been 

Followed  For 

the  Length  of 

Time  Indicated. 

Round 

.5  Values  To  Lowest  Whole  Number.) 
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(70)  Birth  To  Onset  Of  Resp  Sx 


(71)  Birth  To  Onset  Of  G„I.  Sx 


[  ]  1 =  0-1  Month 

44  2  =  1-3  Months 


[  ]  Same  As  In  (44) 
45 


3  =  3-6  Months 

4  =  6-12  Months 

5  =  1-3  Years 

6  =  3-5  Years 

7  =  5-10  Years 

8 =  Greater  Than  10  Years 
9  =  Unknown 
0 =  No  Sx  Before  ZT 


(72)  Birth  To  Onset  Of  Other  Sx  (73)  Cause  Of  Death 

[  ]  Same  As  In  (44)  [  ]  1 =  Resp  Decomp 

46  47  2  =  G.I.  Decomp 


3  =  Accident 

4  =  Metabolic  Imbalance 
9  =  Unknown 
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APPENDIX  G 


GraLding*  Points  General  Activity  Physical  Exam  Nutrition  X-Ray  Findings 


Excellent  25 

(86-100) 


Full  normal  activity  No  abnormal¬ 
ities 


Weight  and  height  Clear  lung 
above  25th  ^ile  fields 
Good  muscle  mass 
Stools  almost 
normal 


Good 

(71-85) 


20  Tires  at  end  of  day  Rare  cough 
Good  school  No  clubbing 

attendance  Clear  lungs 


Wt  and  Ht  at  Slight  broncho 

15th  to  25th  ^ile  vascular 
Bulky  stools  markings  ard 

Fair  muscle  mass  emphysema 


Mild 

(56-70) 


15  Exertional  fatigue 
Rests  during  day 
Fair  attendance 


Mild  clubbing 
rare  rales 
Occas  cough 


Wt  and  Ht  above 
3d  ^ile 
Poorly  formed 
stools 

abdom  distens'n 


Increased 
markings 
Patchy  atelec. 
Mild  emphyso 


Moderate 

(41-55) 


10  Rests  after  short 
walk 

Home  teacher 


Frequent 

cough 

Retractions 
2-3+  clubbing 
Rales 


Wt  and  Ht  below 
3d  ^ile 

Offensive  stool 
Abdom  distended 


Widespread 

atelect 

Moderate 

erap^hysema 


Severe 
(40  or 
below) 


5  Orthopneic 

Confined  to  bed 
or  chair 


Severe  cough 
Tachypnea 
Tachycardia 
3-44-  clubbing 


Malnourished 
Foul,  frequent 
stools 
Protuberant 
abdomen 


Lobar 

atelectasis 

Bronchiec¬ 

tasis 


*Note  that  our  cinical  categories  differ  from  those  described  by  Shwachman. 
e.g.  excellent  =  9O-IOO  in  our  study.  We  chose  to  categorize  according  to 
the  clinic  directors  assessment  of  which  numerical  intervals  corresponded  to 
distinct  managment  strategies. 
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APPENDIX  D 

Summary  of  Brasfield  X-Ray  Scoring  System 


Abnormality 


Comments 


Scoring  (demerit  points) 


Air  trapping  Generalized  over -distension  0  ==  absent 

manifest  as  sternal  bowing,  1 

depressed  diaphragms,  or  thoracic  2  increasing 

kyphosis  3  severity 

4 


Linear 

markings 


Parrallel, branching  or  "end-on" 
circular  densities  with 
thickening  of  bronchial  wall 


0  =  absent 
1 

2  increasing 

3  severity 

4 


Nodular-cystic 

lesions  Multiple,  discrete  small 

rounded  densities,  0.5cm  in 
diameter  or  larger 


0  =  absent 
1 

2  increasing 

3  severity 

4 


Large  lesions 


Segmental  or  lobar  atelectasis  0 
or  consolidation;  includes  acute  3 
pneumonia 

5 


absent 

segmental  or 
lobar  atelectasis 
multiple 
atelectasis 


General  severity  Impression  of  overall  severity 

of  x-ray  changes 


0  *  absent 
1 

2  increasing 

3  severity 

4 

5  =  complications 

( e . g .  pneumothorax , 
cardiac  enlargement) 


Total  score  =  25  minus  total  demerit  points 
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